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IX 
ABSTRACT 
This thes is was undertaken to compile from the technical 
l i t e r a tu re the values of the thermal conductivity of metals and alloys 
below room t empera tu re , to measu re with an existing apparatus the 
the rma l conductivity of cadmium and of a f ree-cut t ing yellow b r a s s 
between 78 "K and 273 "K and to p re sen t a brief review of the theory 
of heat conduction in meta ls and al loys . The l i t e ra tu re survey 
included a s ea rch of the more common English language abs t r ac t 
journa ls , pa r t i cu la r ly Chemical Abs t r ac t s . The Landol t -Bornste in 
Tabellen were re l ied on for mos t of the work published pr io r to 1925. 
The resu l t s of the survey a r e p resen ted in four tab les . Table I 
contains data for pure me ta l s ; Table II, nonferrous al loys; Table III, 
fe r rous al loys; and Table IV, miscel laneous data for var ious alloy 
sys tems at about room t e m p e r a t u r e . Special mention is made of 
s eve ra l r epo r t s of extensive exper imentat ion and large compilat ions 
of data. 
X 
The exper imenta l work was per formed in a c ryos ta t built 
for another purpose which consisted of a la rge copper block with 
supporting rods enclosed in a vacuum tight ve s se l surrounded by a 
la rge Dewar flask. The copper block served the dual purpose of 
supporting the specimen and receiving the heat supplied to the 
specimen at a substantial ly constant t e m p e r a t u r e . The t he rma l 
conductivity of the specimen was calculated from its known physical 
dimensions, measu red e lec t r i ca l heat input and t empe ra tu r e gradient 
under steady state conditions. The e lec t r i ca l heat input was com-
puted from the voltage drop a c r o s s the constantan hea ter and a 
s tandard r e s i s t ance in s e r i e s with it. The t empera tu re gradient 
was measu red with th ree junction copper-constantan thermocouples 
which had been previously cal ibra ted. The cal ibrat ion of the t h e r m o -
couples involved the cal ibrat ion of a copper r e s i s t ance t h e r m o m e t e r ; 
the cal ibrat ion exper iment was planned so that the t h e r m o m e t e r and 
the two thermocouples could be cal ibrated simultaneously using a 
smal l copper rod a,s a heat conductor. This was accomplished by 
taking a s e r i e s of naeasurements at any des i red t e m p e r a t u r e , then 
heating the head on the specimen to maintain a 2°K to 3°K t e m p e r a t u r e 
gradient along the copper rod, measur ing the copper t h e r m o m e t e r 
r e s i s t ance and thermocouple potent ials , and finally heating the ent i re 
appara tus about 3°K and repeat ing the f i rs t m e a s u r e m e n t s . 
xi 
The conductivity of the b r a s s was found to vary a lmost 
l inear ly from 0.434 w a t t s / c m - ° C at 79. 88°K to 1. 18 w a t t s / c m - ° C 
at 275. 36° K. This is in good agreement with theory and with 
published values for b r a s s e s of s imi la r composition but without 
the lead. The conductivity of cadmium was found to be 0. 940 w a t t s / 
cm-°C at 81 . 51°K, 0. 914 at 113. 92°K (a minimum) and 1. 05 at 
275,62°K. The p re sence of a minimum was somewhat unexpected 
as it was not repor ted by Lees (Philosophical Transac t ions of the 
Royal Society of London, 208A, 381 (1908)), who per formed the 
ear ly exper imenta l work over the t empera tu re range from 100°K to 
273°K, and as the conductivity of mos t meta l s dec rea se s a s the 
t empe ra tu r e rises, . However, a s imi la r minimum has been 
repor ted in a few other cases and may be encountered in slightly 
s t ra ined, slightly impure m e t a l s . The maximum e r r o r in these 
m e a s u r e m e n t s i s es t imated to be about 10 per cent. The accuracy 
is la rgely dependent on the cal ibrat ion exper iment , which may be 
responsib le for m o r e than half the e r r o r . 
The a r r angemen t of the cal ibrat ion exper iment suggests 
that the t h e r m a l conductivity of copper could be deduced from the 
r e su l t s of the exper iment ; however, t he rma l equil ibrium was not 
attained and this could not be done. Fa i lu re to attain thermial 
X l l 
equil ibrium does not invalidate the cal ibrat ion of the thermocouples . 
The t he rma l conductivity of Vaseline (white pet roleum jelly) was 
determined in the exper iments with cadmium and b r a s s , and is 
repor ted . 
A brief discussion of the theory of heat conduction in 
meta l s and alloys is p resented . Topics d iscussed include the 
nature of heat conduction, the e lect ronic and lat t ice components of 
t he rma l conductivity, the t h e r m a l conductivity of al loys, the per iodic 
relat ion and t h e r m a l conductivity, other factors affecting t h e r m a l 
conductivity and a section on the predict ion and es t imat ion of the 
t h e r m a l conductivity of meta l s and a l loys . 
CHAPTER I 
INTRODUCTION 
Introduction. - -The thes is has two dist inct and separa te p a r t s . 
P a r t I consis ts of a l i t e r a tu re survey and a brief theore t ica l 
discussion. The purpose of the l i t e r a tu re survey was to locate 
and gather in one place the values of t he rma l conductivity which 
have been repor ted in the t empera tu re range from about 20°K to 
room t e m p e r a t u r e . The theore t ica l discussion includes the 
nature of heat conduction in meta l s and alloys and mentions 
some of the factors which affect t he rma l conductivity. A discuss ion 
of the re la t ion between the rma l conductivity and the per iodic 
re la t ion is also included. P a r t II is a repor t of exper imenta l 
work in which the t h e r m a l conductivity of b r a s s and cadmium 
was measu red between 80° K and 275° K. The t h e r m a l conductivity 
of vasel ine (white pe t ro leum jelly) over this ten:iperature range is 
also repor ted . 
L i t e ra tu re survey. - - A knowledge of the t he rma l conductivity of 
meta l s and alloys is n e c e s s a r y for the design of equipraent for 
use in p r o c e s s e s c a r r i e d out at sub-a tmospher ic t empe ra tu r e s j 
it is also a quantity of increas ing scientific in te res t as advances 
continue to be made in the field of solid state phys ics . It was 
therefore considered worthwhile to survey the l i t e r a tu re and gather 
in one place al l the published data on the t he rma l conductivity of 
meta l s and al loys, pa r t i cu la r ly those of engineering impor tance , 
between 20° K and room t empera tu re (with some data for t e m p e r a -
tu re s below 20°K included) as no such compilation had been made 
since the th i rd supplement of the Landol t -Borns te in Tabellen was 
i ssued in 1935. ^ Since that t ime , and par t i cu la r ly in recen t y e a r s , 
a considerable amount of investigation has been underway and a 
r a the r l a rge and increas ing number of a r t i c l e s dealing with t h e r m a l 
conductivity at low t e m p e r a t u r e s has appeared in the scientific 
l i t e r a t u r e . In te res t in this field has undoubtedly been enhanced 
by advances in the theory of conduction and by the increas ing 
commerc i a l impor tance of low t empera tu re p r o c e s s e s such as 
the liquefaction and separat ion of the so-cal led permanent g a s e s , 
the separat ion of low molecular weight hydrocarbons and hydrogen, 
e tc . 
The r e su l t s of the l i t e r a tu re survey a r e p resen ted in four 
tables beginning on page 37. Data in the t empera tu re range of 
Shortly after the l i t e r a tu re survey repor ted in this thes is 
was completed, Powell and Blanpied in NBS Ci rcu la r No. 556 (1954), 
Ref. 88, completed a s imi la r comprehensive survey, the r e su l t s of 
which they p resen ted in graphical form. 
i n t e re s t a r e repor ted for forty pure meta l s and about one hundred-
fifty a l loys . Of these , seven meta l s and about sixty-five alloys 
have not appeared in any previous compilation of this scope. Also 
included a re new data for prac t ica l ly all of the meta l s and many of 
the al loys, which were sca t te red throughout the l i t e r a tu re . In 
addition, room tenaperature data for many alloy sys t ems , which 
have not previously been compiled, a r e included. 
An abbreviated bibliography and an index to the t he rma l 
conductivity data collected in the l i t e r a tu re sea rch , p r epa red for 
the convenience of the r eade r , will be found on page 144 and 
following. The numbers of the re fe rences in the abbreviated bibl i -
ography cor respond exactly to those in the genera l bibliography at 
the end of the r epor t . The index was p repa red to avoid extensive 
c ro s s referencing in the tab les . 
Exper imenta l work. - -The purpose of the exper imenta l work was 
to m e a s u r e the t h e r m a l conductivity of a common leaded b r a s s and 
of 99. 95 per cent cadmium over the t empe ra tu r e range 80° K to 
273° K in an at tempt to cor robora te and extend the work of previous 
inves t iga tors . Available for this work was a c ryos ta t designed for 
another purpose but which could be used with few a l te ra t ions to 
de termine the t he rma l conductivity of a smal l cyl indrical rod 
from i ts known diinensions, e l ec t r i ca l heat input and t empe ra tu r e 
gradient . The specimens were chosen on the bas i s of preliminary-
calculations which indicated that the apparatus was not suitable 
for use with m a t e r i a l s of very high or very low conductivity. The 
ther raa l conductivity of cadmium had not been measu red in this 
t empera tu re range since 1908 and no m e a s u r e m e n t s of the t he rma l 
conductivity of b r a s s of this composition had been made below room 
t e m p e r a t u r e . 
The r e su l t s obtained for b r a s s a r e quite sat isfactory and 
agree well with theory and with the r e su l t s of other invest igat ions 
of b r a s s of s imi la r composition but without the lead. Its conductivity 
was found to vary from 0. 434 wa t t / cm °C at 79. 88° K to 1. 18 
wa t t / cm ° C at 275. 36° K, the var ia t ion with t empera tu re being 
a lmost l inear , as expected for an alloy. The t he rma l conductivity 
of cadmium was found to be 0. 940 wa t t / cm °C at 81, 51°K, 0. 914 
at 113. 92° K and 1.05 at 275. 62° K. The minimum at about 114°K 
had not been previously repor ted; however, there is some evidence 
(Table I, 88) that a slightly impure , slightly s t ra ined meta l will 
have such a minimum. Lees (26), in the only previous work 
which covers this t empera tu re range, repor ted the following values 
for a yellow b r a s s (70 Cu, 30 Zn): 0. 732 (extrapolated) at 103°K 
Numbers in pa ren thes i s re fer to en t r ies in the bibliography 
unless preceded by the word ^equation^. 
and 1. 06 at 273°K, the var ia t ion being approximately l inear with 
t empera tu re j and for cadmiumj 1. 00 at 103°K and 11 3° K, and 
0.916 at 273°K. 
The apparatus and method used in these exper iments , 
while simple in pr inciple , cannot be expected to give highly 
accura te r e s u l t s . The manner of attaching thermocouples i s not 
completely sat isfactory and the unknown heat flow pa t te rn and 
t empera tu re gradient at the head-spec imen interface consti tutes 
an e r r o r of unknown magnitude. The accuracy of the exper iments 
is es t imated to be within 10 per cent. 
P A R T I 
A SURVEY O F EXISTING DATA 
C H A P T E R II 
T H E O R E T I C A L DISCUSSION 
I n t r o d u c t i o n . - - T h e t h e o r y of conduc t ion p r o c e s s e s h a s b e e n r a t h e r 
r a p i d l y a d v a n c e d in r e c e n t y e a r s and m u c h e x p e r i m e n t a l w o r k h a s 
b e e n c a r r i e d out to t e s t the v a r i o u s t h e o r i e s . The p r i m a r y p u r p o s e 
of P a r t I i s to p r e s e n t the r e s u l t s of a l i t e r a t u r e s u r v e y u n d e r t a k e n 
to g a t h e r the t h e r r a a l c o n d u c t i v i t i e s wh ich have b e e n m e a s u r e d and 
r e p o r t e d , but a b r i e f r e v i e w of the t h e o r y wi l l be p r e s e n t e d . The 
m a j o r f a c t o r s which affect t h e r m a l conduc t iv i ty inc lude t e m p e r a t u r e , 
c h e m i c a l c o m p o s i t i o n , p h y s i c a l c o n s t i t u t i o n , t h e r m a l h i s t o r y and 
the n a t u r e of the m e t a l o r a l loy i tself . The p r e s e n c e of a m a g n e t i c 
f ie ld is a l s o i m p o r t a n t at low t e m p e r a t u r e s for s u p e r c o n d u c t o r s , 
bu t th i s p h e n o m e n o n is beyond the s cope of th i s t h e s i s . T h e r m a l 
conduc t iv i ty and the p e r i o d i c r e l a t i o n i s a l s o d i s c u s s e d . O t h e r 
f a c t o r s which affect t h e r m a l conduc t iv i ty a r e d i s c u s s e d and an 
a t t e m p t is m a d e to find a b a s i s for e s t i m a t i n g o r p r e d i c t i n g the 
v a l u e of the t h e r m a l conduc t iv i ty a t t e m p e r a t u r e s be low r o o m 
t e m p e r a t u r e . 
The n a t u r e of h e a t conduc t ion i n r n e t a l s . - - I n a m e t a l t h e r e a r e 
two m e c h a n i s m s by which h e a t is conduc ted . T h e s e a r e by 
l a t t i c e w a v e s , a s in n o n - m e t a l l i c c o n d u c t o r s , and by e l e c t r o n s . 
The c o n t r i b u t i o n of t h e s e two m e c h a n i s m s is g e n e r a l l y a s s u m e d 
to be addi t ives 
k = ke + kg (1) 
in wh ich k i s the to t a l t h e r m a l conduc t iv i ty , kg i s the e l e c t r o n i c 
c o n t r i b u t i o n and kg i s the l a t t i c e c o n t r i b u t i o n . 
It i s g e n e r a l l y p o s t u l a t e d tha t the e l e c t r o n i c t h e r m a l 
conduc t iv i t y r e s u l t s f r o m a t r a n s f e r of h e a t by e l e c t r o n s in the 
m e t a l l a t t i c e . The e l e c t r o n s a r e s c a t t e r e d and t h e r r a a l r e s i s t a n c e 
i n c r e a s e d by i n t e r a c t i o n wi th the l a t t i c e w a v e s and by i m p u r i t y 
a t o m s and l a t t i c e de fec t s . The f i r s t of t h e s e m e c h a n i s m s i s 
t e m p e r a t u r e d e p e n d e n t , the s e c o n d t e m p e r a t u r e i ndependen t . 
The e l e c t r o n i c t h e r m a l conduc t iv i ty i s c l o s e l y c o n n e c t e d to the 
e l e c t r i c a l conduc t iv i ty by the w e l l known W i e d e m a n n - F r a n z law. 
The l a t t i c e t h e r m a l conduc t iv i ty in a m e t a l is a f fec ted by a l l the 
f a c t o r s p r e s e n t in a n o n - m e t a l and in add i t ion by i n t e r a c t i o n wi th 
the e l e c t r o n s . The f r e e e l e c t r o n s in a m e t a l s c a t t e r the l a t t i c e 
w a v e s and in the c a s e of a r e a s o n a b l y p u r e m e t a l r e d u c e the 
The nex t five s e c t i o n s a r e b a s e d p r i m a r i l y on the r e v i e w 
p a p e r of O l s o n and R o s e n b e r g (80). 
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la t t ice contribution to t he rma l conductivity to a negligible value. 
A large impuri ty content causes kg to become smal l , perhaps 
to the same o rde r of magnitude as kg, especial ly at low t e m p e r a -
tu res where the lat t ice conduction has a maximum), theoret ical ly , 
and e lect ronic conduction is smal l compared to a pure meta l . 
The e lect ronic component of t he rma l conductivity. - -The e lect ronic 
heat t r ans fe r r e s i s t ance , We(= l /k^) is usually a s sumed to be split 
into two p a r t s (62),. According to Matthiessen^s rule these 
r e s i s t ances a r e additive: 
We = WQ + wi (2) 
in which WQ is the r e s i s t ance due to impuri ty scat ter ing and wi is 
the r e s i s t ance due to scat ter ing of e lec t rons by lat t ice v ibra t ions , 
or the ideal r e s i s t ance . The scat ter ing caused by impuri ty content 
and lat t ice defects, giving r i se to WQ, is independent of t e m p e r a -
ture and is responsible for the res idua l e lec t r i ca l res is t iv i ty , 
fo, and an associa ted the rma l conductivity which obey the 
Wiedemann-Franz law: 
kofo = LoT (3) 
where LQ is the ord inary Lorenz number valid at high t e m p e r a -
t u r e s and T is the absolute t e m p e r a t u r e . It is in teres t ing that 
the Liorenz n u m b e r Lg (= k ^ ^ / T ) a p p r o a c h e s the va lue L Q a t h igh 
and low t e m p e r a t u r e s , but in the c a s e of a n o r m a l m e t a l such a s 
c o p p e r t h e r e is a d e c r e a s e a t i n t e r m e d i a t e t e m p e r a t u r e s , abou t 
0 . 1 to 0. 2 of the Debye c h a r a c t e r i s t i c t e m p e r a t u r e 9, t h i s 
d e c r e a s e be ing g r e a t e r for p u r e r m e t a l s (80). At r o o m t e m p e r a -
t u r e , the r a t i o L e / L o i^ above 0. 8 for m o n o v a l e n t m e t a l s , and 
i s s o m e w h a t h i g h e r if s o m e i m p u r i t y i s p r e s e n t . F o r an i d e a l l y 
p u r e m e t a l Lg a p p r o a c h e s z e r o a s T a p p r o a c h e s 0°K. F o r the 
m o r e *^non-meta l l ic^ m e t a l s such a s b i s m u t h Lg v a r i e s d i f f e ren t ly 
( see Ref. 80). 
The s e c o n d of the e l e c t r o n s c a t t e r i n g m e c h a n i s m s , 
i n t e r a c t i o n wi th l a t t i c e v i b r a t i o n s , i s t e m p e r a t u r e d e p e n d e n t and 
g ive s r i s e to the i dea l t h e r m a l r e s i s t a n c e w^̂ . The i dea l r e s i s t a n c e 
i s r e p r e s e n t e d by a c o m p l i c a t e d e x p r e s s i o n wh ich be low t e m p e r a -
t u r e s of a p p r o x i m a t e l y 0. 1 9 r e d u c e s to : 
w i = 0< T^ (4) 
w h e r e o( i s a c o n s t a n t c h a r a c t e r i s t i c of the m e t a l . At low 
t e m p e r a t u r e s then , equa t ion (2) b e c o m e s 
- ?0 . ^ ^ 2 
w 
" LoT 
+ 0<T (5) 
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In the i n t e r m e d i a t e t e m p e r a t u r e r a n g e , the so lu t i ons a r e m u c h 
m o r e diff icul t and have only r e c e n t l y been e f fec ted (80, 87). 
T h e r e i s f a i r a g r e e m e n t b e t w e e n t h e o r y and e x p e r i m e n t . 
The t h e r m a l conduc t iv i ty i n c r e a s e s l i n e a r l y a t the l o w e s t t e m p e r a 
t u r e s . As the t e m p e r a t u r e i n c r e a s e s a q u a d r a t i c t e r m a p p e a r s 
in the r e s i s t a n c e so tha t kg r i s e s to a m a x i m u m a t a p p r o x i m a t e l y 
0 . 1 0 and d e c r e a s e s m o n o t o n i c a l l y t h e r e a f t e r . 
The l a t t i c e conduc t iv i ty . - - T h e l a t t i c e conduc t iv i ty in a m e t a l i s 
a f fec ted by a l l the f a c t o r s which inf luence i t in n o n - m e t a l s , and 
in add i t ion by i n t e r a c t i o n wi th f r ee e l e c t r o n s . It i s g e n e r a l l y 
a s s u m e d tha t the t h e r m a l r e s i s t a n c e due to e a c h of the s e v e r a l 
f a c t o r s i s add i t i ve : 
^^ = Wg = W|^ + W^ + W^ + Wu (6 ) 
H 
w h e r e Wg is the to t a l t h e r m a l r e s i s t a n c e of the l a t t i c e , w^ is 
the r e s i s t a n c e c a u s e d by s c a t t e r i n g of the l a t t i c e w a v e s a t the 
s p e c i m e n b o u n d a r y o r a t i n t e r n a l g r a i n b o u n d a r i e s , w,^ i s the 
r e s i s t a n c e due to s c a t t e r i n g of l a t t i c e v i b r a t i o n s by i m p u r i t y 
a t o m s o r o t h e r l a t t i c e de fec t , w^ is due to s c a t t e r i n g by f r e e 
e l e c t r o n s and w , is the r e s i s t a n c e due to i n t e r a c t i o n of the 
u 
l a t t i c e w a v e s a m o n g t h e m s e l v e s . The l a t t e r effect i s known a s 
the ^Umklapp process**. 
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The t e m p e r a t u r e d e p e n d e n c e of t h e s e t e r m s i s g iven by (80): 
w 
, - 3 
1̂  i s p r o p o r t i o n a l to T~ (7) 
w^ i s p r o p o r t i o n a l to T (8) 
w^ i s p r o p o r t i o n a l to T C (9) 
w h e r e V i s the f r e q u e n c y of the l a t t i c e v i b r a t i o n s a n d e i s the 
b a s e of n a t u r a l l o g a r i t h m s . The t e m p e r a t u r e d e p e n d e n c e of 
the t e r m w^ i s m o r e c o m p l i c a t e d and d e p e n d s on the i m p u r i t y 
con ten t , a s l a r g e a m o u n t s of i m p u r i t i e s modi fy the i n t e r a c t i o n 
b e t w e e n the e l e c t r o n s and the l a t t i c e v i b r a t i o n s (62). 
In t e m p e r a t u r e r e g i o n s w h e r e two of the t e r m s in 
equa t ion (6) a r e of the s a m e o r d e r of m a g n i t u d e , the t o t a l r e s i s t -
ance b e c o m e s c o n s i d e r a b l y g r e a t e r than e x p e c t e d . In a p u r e 
s p e c i m e n the t o t a l l a t t i c e conductivity/ wi l l have a m a x i m u m a t 
abou t o n e - t w e n t i e t h 0, wh ich m a y be of the o r d e r of 20 w a t t s / c m ^ C , 
o r m o r e , depend ing on the m e t a l (80). 
At v e r y low t e m p e r a t u r e s the b o u n d a r y r e s i s t a n c e is 
i m p o r t a n t and kg v a r i e s a t T^o T h i s m e a n s t h a t the t h e r m a l 
conduc t iv i t y a p p r o a c h e s the l ine L Q T / OQ a s y m p t o t i c a l l y a s T 
a p p r o a c h e s 0°K (62). At s l i gh t ly h i g h e r t e m p e r a t u r e s s c a t t e r i n g 
by e l e c t r o n s becoimes i m p o r t a n t and kg v a r i e s a s T (80). At 
s t i l l h i g h e r t e m p e r a t u r e s , i m p u r i t i e s and f ina l ly U m p k l a p p 
12 
p r o c e s s e s b e c o m e i m p o r t a n t . The l a t t i c e conduc t iv i t y in the 
r e g i o n w h e r e s c a t t e r i n g i s m a i n l y due to e l e c t r o n s h a s b e e n 
c a l c u l a t e d (80). At 10°K, t h i s i s 0 . 0 2 w a t t s / c m ° C for l e a d , 
0 . 004 fo r t a n t a l u m and about 15 for b i s m u t h . It i s obv ious tha t 
the l a t t i c e con t r i bu t i on to the t h e r m a l conduc t iv i ty of m e t a l s 
can be m e a s u r e d only if i t i s p o s s i b l e to r e d u c e the e l e c t r o n i c 
s c a t t e r i n g so t ha t kp i s the m o s t i m p o r t a n t f r a c t i o n of the t o t a l 
conduc t iv i ty . Th i s can be done in s o m e c a s e s by add i t ion of 
i m p u r i t i e s o r a p p l i c a t i o n of a h igh m a g n e t i c f ie ld bu t w i l l no t 
be d i s c u s s e d h e r e . 
The t h e r m a l conduc t iv i ty of p u r e m e t a l s . - - E x p e r i m e n t a l da t a for 
p u r e m e t a l s a t low t e m p e r a t u r e s , and p a r t i c u l a r l y for t e m p e r a -
t u r e s be low tha t of l iqu id a i r , have b e e n m e a g e r unt i l r e c e n t l y 
a n d s t i l l do no t c o v e r the e n t i r e t e m p e r a t u r e r a n g e t h o r o u g h l y . 
The da ta a v a i l a b l e a g r e e q u a l i t a t i v e l y wi th the t h e o r y . F o r a 
p u r e m e t a l , the conduc t iv i ty i n c r e a s e s l i n e a r l y f r o m 0*^K to a 
m a x i m u m a t abou t 0 . 1 9 and then d e c r e a s e s , s h a r p l y if 0 is low. 
The d e c r e a s e i s l e s s s t e e p a t h i g h e r t e i n p e r a t u r e s . The c o n -
duc t iv i t y a t the m a x i m u m is u s u a l l y a few w a t t s / c m C, bu t 
m a y be 60 o r m o r e if the m e t a l i s e x t r e m e l y p u r e (80, T a b l e I) . 
T h e o r y p r e d i c t s a m i n i m u m in the t h e r m a l conduc t iv i ty a t abou t 
0 . 2 9 , bu t th i s i s not a l w a y s c o n f i r m e d by e x p e r i m e n t . It h a s 
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not b e e n found in c o p p e r , for i n s t a n c e , bu t the r e s u l t s r e p o r t e d 
in C h a p t e r IV for c a d m i u m ind i ca t e a m i n i m u m a t abou t 114*^K. 
T h e r e is s o m e e v i d e n c e tha t t h e r e m a y be a m i n i m u m if the s p e c i -
m e n i s s l i gh t ly i m p u r e and s l i gh t ly s t r a i n e d (88, Tab le I) . 
G r a p h s of wT a g a i n s t T^ a r e often p l o t t e d to check the 
a g r e e m e n t of low t e m p e r a t u r e e x p e r i m e n t a l r e s u l t s wi th t h e o r y . 
It would be e x p e c t e d f r o m equa t ion (5) tha t such c u r v e s would be 
l i n e a r and th i s i s found to be t r u e for m o s t m e t a l s a t v e r y low 
t e m p e r a t u r e s . Di f fe ren t s a m p l e s of the s a m e m e t a l give wT v s . 
T^ c u r v e s wh ich a r e v e r y n e a r l y p a r a l l e l , i nd ica t ing tha t the 
l a t t i c e s c a t t e r i n g t e r m , o<̂ , i s the s a m e for e a c h , a s r e q u i r e d by 
t h e o r y (69). The coeff ic ient of T in equa t ion (5) i s due to i m p u r i t y 
s c a t t e r i n g and is a p p r o x i m a t e l y e q u a l to O Q / L Q , a s fo l lows f r o m 
t h e o r y (80). The p r e s e n c e of i m p u r i t i e s c a u s e s the c u r v e to 
d e v i a t e f r o m l i n e a r i t y a t l o w e r t e m p e r a t u r e s , and if the i m p u r i t y 
con ten t is a p p r e c i a b l e the c u r v e s a r e no t at a l l c o n s i s t a n t wi th 
t h e o r y . Th i s is g e n e r a l l y a t t r i b u t e d to an a p p r e c i a b l e l a t t i c e 
conduc t iv i ty , which i n d i c a t e s tha t in a v e r y p u r e m e t a l the c o n -
duc t i v i t y i s a l m o s t a l l e l e c t r o n i c . 
The m a g n i t u d e of the dev i a t i on f r o m l i n e a r i t y of wT v s . 
T^ c u r v e s to be e x p e c t e d f r o m the t h e o r y h a s b e e n c a l c u l a t e d by 
O l s e n and R o s e n b e r g (80). T h e s e c a l c u l a t i o n s show tha t the c u r v e 
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wil l be l i n e a r a t v e r y low t e m p e r a t u r e s and wi l l b e n d t o w a r d 
the T^ a x i s a s the t e m p e r a t u r e i s i n c r e a s e d » F o r an idea l ly 
p u r e m e t a l the s lope of the c u r v e wi l l be changed by 10 p e r cen t 
a t a p p r o x i m a t e l y 0. 125 0 and by 1 5 p e r cen t a t 0. 144 0. The 
d e v i a t i o n s t a r t s a t p r o g r e s s i v e l y l o w e r t e m p e r a t u r e s a s the 
i m p u r i t y con ten t i n c r e a s e s . The fact tha t i m p u r i t y con ten t 
a f fec t s the dev ia t ion shows tha t the i d e a l and i m p u r i t y r e s i s t a n c e 
canno t be s e p a r a t e d and t h e r e f o r e M a t t h i e s s e n ^ s ru l e i s only a 
f i r s t a p p r o x i m a t i o n . 
F o r m o s t m e t a l s the wT v s . T^ c u r v e s a r e l i n e a r up 
to abou t 0 , 1 0 and above th i s t e m p e r a t u r e the c u r v e b e n d s t o w a r d 
the T a x i s . The e x c e p t i o n s a r e for the m o s t p a r t p o l y v a l e n t , o r 
o t h e r w i s e e x c e p t i o n a l , m e t a l s . The t h e o r y a p p l i e s s t r i c t l y for 
m o n o v a l e n t m e t a l s , bu t shou ld give a qua l i t a t i ve p i c t u r e for the 
p o l y v a l e n t m e t a l s . 
The t h e r m a l conduc t iv i ty of a l l o y s . - - T h e e l e c t r o n i c c o m p o n e n t 
of t h e r m a l conduc t iv i ty i s g r e a t l y r e d u c e d by the p r e s e n c e of a 
s m a l l a m o u n t of i m p u r i t y . The add i t i on of the f i r s t few p e r cen t 
of i m p u r i t y h a s a g r e a t e r effect than d o e s the add i t ion of the 
s a m e a m o u n t to an a l r e a d y i m p u r e s p e c i m e n . Th i s effect i s 
m o r e p r o n o u n c e d a t l o w e r t e m p e r a t u r e s . T h i s is c l e a r l y shown 
by an i n s p e c t i o n of T a b l e s I, II , III and IV. 
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In an alloy, then, impuri ty scat ter ing becomes the 
dominant cause of the rmal res i s t ance over a wide t empera tu re 
range. It overshadows the r e s i s t ance of lat t ice vibrat ions and 
the curve of k^ shows no maximum but is l inear up to r a the r 
high t empera tu r e s (80). The e lect ronic conductivity k is 
frequently reduced to the same o rde r of magnitude as k , which 
is not grea t ly affected. These factors cause the curve of the rmal 
conductivity ve r sus t empera tu re for an alloy to differ from that 
of a pure meta l in the o rde r of magnitude involved and by the 
fact that k„ is a substantial fraction of k whereas in a pure g 
meta l kg is negligible. 
If the the rmal res i s tance is dictated by impuri ty 
scat ter ing the Wiedemann-Franz law holds and the value of kg 
can be determined from m e a s u r e m e n t s of p^ . Then 
k„ = k - idO- (10) 
^ eoT 
This type of calculation has been made by Hulm (14) for a copper-
nickel alloy between 2° and 20°K and by Berman (72) for German 
s i lver , constantan and s ta inless s teel between 2 and 90 K. The 
resu l t s of both invest igators indicate that kg and kg a re the same 
o r d e r of magnitude, and that kg is proport ional to T , up to 20 K. 
This indicates that in this range the lat t ice waves a re sca t t e red 
by e lec t rons . Above this temiperature the change is more gradual 
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and in the c a s e of Berman '^s r e s u l t s k~ r e a c h e s a m a x i m u m in 
the r a n g e 50° to 90°K. B e r m a n h a s f u r t h e r a n a l y z e d the l a t t i c e 
conduc t i v i t y of G e r m a n s i l v e r and s u g g e s t s tha t , whi le low 
t e m p e r a t u r e s c a t t e r i n g is due to e l e c t r o n s , s c a t t e r i n g due to s m a l l 
s c a l e l a t t i c e de fec t s and i m p u r i t i e s b e c o m e s i n c r e a s i n g l y i m p o r -
t an t a t h i g h e r t e m p e r a t u r e s . Th i s r e s i s t a n c e , w^, b e g i n s by 
be ing p r o p o r t i o n a l to T, but b e c o m e s l e s s t e m p e r a t u r e dependen t 
a t h i g h e r t e m p e r a t u r e s . He a l s o shows tha t r e s i s t a n c e due to 
b o u n d a r y s c a t t e r i n g , w-^, i s about 0. 5 p e r cen t a t 2°K and 
d e c r e a s e s r a p i d l y a t h i g h e r t e m p e r a t u r e s . H o w e v e r , da t a for 
c o n s t a n t a n and a c o p p e r - m a n g a n e s e a l l oy t aken f r o m T a b l e II 
i n d i c a t e tha t the conduc t iv i ty k can be changed by a s m u c h a s 
40 p e r cen t by a change in g r a i n s i z e . E a r l i e r w o r k by K a r w e i l 
and Scha fe r (66) on G e r m a n s i l v e r , c o n t r a c i d , s i l v e r b r o n z e 
and s t e e l a l s o shows an a b n o r m a l l y h igh L o r e n z n u m b e r and 
t h e r e f o r e an a p p r e c i a b l e l a t t i c e conduc t iv i ty . 
O t h e r f a c t o r s which affect t h e r m a l conduc t iv i ty . - - T h e fo rego ing 
d i s c u s s i o n c o v e r s the m a j o r p o i n t s of t h e o r e t i c a l i n t e r e s t f r o m 
an e n g i n e e r i n g v i ewpo in t . O t h e r f a c t o r s , s u c h a s p r e s s u r e o r 
p r e v i o u s p h y s i c a l and t h e r m a l h i s t o r y , m i g h t be e x p e c t e d to 
af fec t the t h e r m a l conduc t iv i ty of e n g i n e e r i n g m a t e r i a l s . It w i l l 
be of i n t e r e s t to d i s c u s s s o m e of t h e s e f a c t o r s and the m a g n i t u d e 
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of t h e i r effect f r o m an e x p e r i m e n t a l po in t of v i ew. The e x p e r i -
m e n t a l e v i d e n c e on s o m e po in t s is m e a g e r and on o t h e r s the 
ef fec t m u s t be i n f e r r e d f r o m e l e c t r i c a l conduc t iv i ty m e a s u r e -
mients and the W i e d e m a n n - F r a n z law. 
The effect of p r e s s u r e h a s b e e n s t u d i e d by S t a r r (23) 
and B r i d g m a n (24) a t p r e s s u r e s up to abou t 12 ,000 a t m o s p h e r e s . 
S t a r r p r e s e n t s a c r i t i c a l r e v i e w of B r i d g m a n ' s p a p e r and po in t s 
out s o m e e r r o r s m a d e by B r i d g m a n . The r e s u l t s for c o p p e r , 
s i l v e r , gold, t in and l e a d a r e c o n s i d e r e d a c c u r a t e . The t h e r m a l 
conduc t iv i ty of e a c h of t h e s e m e t a l s is found to i n c r e a s e s l i gh t ly 
wi th p r e s s u r e . 
Cold w o r k i n g a m e t a l c a u s e s a d i s t o r t i o n of the l a t t i c e 
wh ich can i n t e r f e r e wi th the flow of h e a t t h r o u g h the m e t a l by 
s c a t t e r i n g both the e l e c t r o n s and the l a t t i c e w a v e s . If the m e t a l 
i s s u b s e q u e n t l y h e a t e d to i t s a n n e a l i n g t e m p e r a t u r e i n t e r n a l 
s t r e s s e s and d i s t o r t i o n s wi l l be r e l i e v e d to an e x t e n t tha t d e p e n d s 
on the t i m e of e x p o s u r e to the t e m p e r a t u r e . Annea l ing m a y c a u s e 
the t h e r m a l conduc t iv i ty to be i n c r e a s e d by 15 p e r cen t o r m o r e 
a t t e m p e r a t u r e s above 80°K. At l iqu id h y d r o g e n t e m p e r a t u r e s 
(about 1 2^K) a n n e a l i n g m a y c a u s e a 15- fo ld i n c r e a s e in the 
t h e r m a l conduc t iv i ty (74, T a b l e s I, II , and III). 
The t h e r m a l conduc t iv i ty of a m e t a l o r a l loy wi l l 
change when p h a s e c h a n g e s such a s m e l t i n g o r so l id s t a t e 
t r a n s i t i o n s occur. , The conduc t iv i ty of the l iqu id s t a t e i s only 
a f r a c t i o n of tha t in the so l id s t a t e , a s e x p e c t e d f r o m the d i f f e r en t 
conduc t ion m e c h a n i s m s . Sol id s t a t e p h a s e t r a n s i t i o n s a r e 
r e s p o n s i b l e for miany a p p a r e n t a n o m a l i e s in the t h e r m a l con-
d u c t i v i t y - c o m p o s i t i o n c u r v e of c e r t a i n a l l o y s , such a s tha t of 
the s i l v e r - t i n s y s t e m ( s ee T a b l e IV). T h i s i s r e a d i l y a p p a r e n t 
if the c u r v e i s c o m p a r e d wi th the p h a s e d i a g r a m ( see Ref. 84 
for p h a s e d i a g r a m s ) . 
S t i l l o t h e r f a c t o r s wh ich ma}/" affect the t h e r m a l con-
duc t i v i t y inc lude a n i s o t r o p y , p o r o s i t y , e n e r g y c h a n g e s s u c h a s 
the t r a n s i t i o n f ro in f e r r o m a g n e t i s m to p a r a m a g n e t i s m at the 
C u r i e t e m p e r a t u r e , the p r e s e n c e of i n so lub l e p h a s e s and the 
t e m p e r a t u r e g r a d i e n t i tself , bu t t h e s e a r e of l i t t l e e n g i n e e r i n g 
i m p o r t a n c e , A u s t i n (81) p r e s e n t s a qua l i t a t i ve d i s c u s s i o n of 
m o s t of t h e s e f a c t o r s . 
T h e r m a l conduc t iv i ty and the p e r i o d i c r e l a t i o n . - - M a n y of the 
p h y s i c a l and c h e m i c a l p r o p e r t i e s of the e l e m e n t s can be c o r r e -
l a t e d and p r e d i c t e d f r o m a p e r i o d i c a r r a n g e m e n t of the e l e m e n t s 
a c c o r d i n g to t h e i r a t o m i c n u m b e r s . Th i s is the b a s i s for the 
p e r i o d i c ^law*^, which i s not a r i g i d m a t h e m a t i c a l r e l a t i o n , bu t 
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i s a g e n e r a l i z a t i o n which h a s c o n s i d e r a b l e va lue of a s u g g e s t i v e 
o r qua l i t a t i ve n a t u r e . T h e r e a r e m a n y e x c e p t i o n s to th i s l aw, 
the spec i f i c h e a t of m e t a l s b e i n g a no tab le o n e . The p e r i o d i c 
r e l a t i o n m u s t be u s e d wi th cau t ion , bu t i t i s va luab l e once i t s 
v a l i d i t y h a s b e e n e s t a b l i s h e d . 
S ince the t h e r m a l conduc t iv i ty of a m e t a l is c l o s e l y 
a s s o c i a t e d wi th i t s s u b a t o m i c s t r u c t u r e by the p r e s e n c e of f r e e 
e l e c t r o n s , it would s e e m l o g i c a l to s u p p o s e tha t s o m e r e l a t i o n 
b e t w e e n the t h e r m a l conduc t iv i ty and the a t o m i c n u m b e r shou ld 
e x i s t . The e x i s t e n c e of such a r e l a t i o n in the c a s e of e l e c t r i c a l 
conduc t iv i t y (82) l ends s t r o n g s u p p o r t to the a s s u m p t i o n of a 
p e r i o d i c i t y in the t h e r m a l conduc t iv i ty , b e c a u s e the t h e r m a l and 
e l e c t r i c a l c o n d u c t i v i t i e s a r e r e l a t e d by the W i e d e m a n n - F r a n z l aw, 
e q u a t i o n (3). The r e l a t i o n can be t e s t e d by p lo t t ing the t h e r m a l 
conduc t iv i t y a g a i n s t a t o m i c n u m b e r and not ing any p e r i o d i c i t y 
t ha t o c c u r s . The conduc t iv i t y u s e d for th i s p u r p o s e should be 
the " a t o m i c ^ conduc t iv i ty , i . e. , the t h e r m a l conduc t iv i ty p e r 
a t o m , o r p e r m o l e . The t h e r m a l conduc t iv i ty i s o r d i n a r i l y 
r e p o r t e d on a v o l u m e b a s i s , and a un i t v o l u m e d o e s no t con ta in 
the s a m e n u m b e r of a t o m s for a l l m e t a l s . To c o n v e r t the con -
duc t i v i t y to the d e s i r e d b a s i s , the conduc t iv i ty a s r e p o r t e d i s 
d iv ided by the d e n s i t y , d, and m u l t i p l i e d by the m o l e c u l a r we igh t , 
M , of the m e t a l : 
20 
^--^' (u) 
H e r e k^ is the t h e r m a l conduc t iv i ty p e r m o l e , o r p e r a t o m 
s i n c e the m o l e c u l a r and a t o m i c w e i g h t s of m e t a l s a r e the 
s a m e . S e l e c t e d v a l u e s of t h e r m a l conduc t iv i ty a t abou t 273*^K 
and a t abou t 80 K have b e e n t aken f r o m T a b l e I, c o n v e r t e d to 
the m o l e b a s i s by e q u a t i o n (11), p l o t t e d in F i g s . 1 and 2, and 
t a b u l a t e d in T a b l e I a c c o r d i n g to p e r i o d i c g r o u p s . The d e n s i t i e s 
and a t o m i c w e i g h t s w e r e t aken f r o m Ref. (83). The t h e r m a l 
conduc t iv i ty of c a r b o n and of s i l i con w e r e t aken f r o m the 
I n t e r n a t i o n a l C r i t i c a l T a b l e s . 
An i n s p e c t i o n of F i g s . 1 and 2, and Tab le 1 wi l l r e v e a l 
c e r t a i n t r e n d s wh ich can b e s t be d i s c u s s e d by no t ing the t r e n d s 
wi th in a p e r i o d i c g r o u p and the c h a n g e s in conduc t iv i ty f r o m g r o u p 
to g r o u p . Of the nine m e t a l s in G r o u p VIII, the t h e r m a l c o n d u c t i v -
i ty of s e v e n a r e cLvailable. The c o n d u c t i v i t i e s of a l l t h e s e m e t a l s 
a r e of a p p r o x i m a t e l y the s a m e o r d e r of m a g n i t u d e , bu t t h e r e i s 
s o m e i n d i c a t i o n tha t the conduc t iv i t y f i r s t r i s e s wi th a t o m i c 
n u m b e r , r e a c h e s a m a x i m u m , and then d e c r e a s e s . The fifth 
m e t a l in the g r o u p , r h o d i u m , h a s the l a r g e s t conduc t iv i ty , h o w e v e r , 
the l a s t e l e m e n t in the g r o u p , p l a t i n u m , h a s the s e c o n d h i g h e s t 
conduc t iv i ty . The p r e s e n c e of a m a x i m u m is a l s o i n d i c a t e d in 
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l iqu id and i t s conduc t iv i ty canno t l o g i c a l l y be c o m p a r e d wi th the 
o t h e r metalSo C a r b o n and s i l i c o n , though no t m e t a l s , w e r e 
i n c l u d e d in G r o u p IVb for c o m p a r i s o n . The e x i s t e n c e of a 
m a x i m u m in th i s g r o u p is open to q u e s t i o n a s the conduc t iv i ty 
of g e r m a n i u m , the t h i r d m e m b e r of the five m e m b e r g r o u p , is 
a p p a r e n t l y l e s s than tha t of s i l i con and t in , the s e c o n d and f o u r t h 
m e m b e r s , r e s p e c t i v e l y . The conduc t iv i ty of the t h r e e m e m b e r s 
of G r o u p IVa i n c r e a s e s wi th a t o m i c n u m b e r bu t does not p a s s 
t h r o u g h a m a x i m u m . The da ta a v a i l a b l e fo r the f i r s t two m e m b e r s 
of G r o u p l a and for the f i r s t two m e m b e r s of G r o u p I la i nd i ca t e 
t ha t the t h e r m a l conduc t iv i ty i n c r e a s e s wi th i n c r e a s e in a t o m i c 
n u m b e r . The da ta for the l a s t two m e t a l s of G r o u p Vb i n d i c a t e 
t ha t the conduc t iv i ty d e c r e a s e s a s the a t o m i c n u m b e r i n c r e a s e s . 
Da ta a r e a v a i l a b l e for a l u m i n u m and t h a l l i u m , the s e c o n d and 
fifth m e m b e r s , r e s p e c t i v e l y , of G r o u p I l lb . In th i s c a s e the 
conduc t iv i t y of a l u m i n u m is about 2. 6 t i m e s tha t of t h a l l i u m . 
A c o m p a r i s o n of the t h e r m a l conduc t iv i t y of the m e t a l s 
in d i f f e ren t g r o u p s shows tha t the m e t a l s of G r o u p I have by f a r 
the h i g h e s t c o n d u c t i v i t i e s . The G r o u p II m e t a l s h a v e l o w e r 
c o n d u c t i v i t i e s , about o n e - t h i r d to o n e - h a l f tha t of the m e t a l s in 
G r o u p I. G r o u p III c o n t a i n s the r a r e e a r t h m e t a l s and no g e n e r a l 
s t a t e m e n t can be m a d e , a l though the m e t a l s in G r o u p I l lb m a y 
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have conductivities roughly equal to those in Group II. There is a 
paucity of data available for Groups IV, V, VI and VII, but such data 
as there is seems to indicate that the the rmal conductivity is at a 
minimum in these groups, if Groups Via and IVb a r e excepted. The 
conductivity of the meta l s of Group VIII is somewhat higher, being 
approximately one-tenth to one-fourth that of the Group I me ta l s . 
In only one case has the t he rma l conductivity of al l the 
meta l s in a group been rel iably establ ished and that is Group lb, 
which contains copper, s i lver and gold. In al l other cases ei ther 
no work has been done or the values that have been found should be 
verified by further experimentat ion. Thermal conductivity is a 
difficult quantity to m e a s u r e accura te ly . In addition to the exper i -
menta l difficulties encountered in i ts measu remen t , such things as 
crys ta l l ine s t ruc tu re , gra in s ize, d i rect ional effects or anisotropy, 
and chemical impur i t ies p r e sen t p rob lems which mus t be solved 
before accura te determinat ions can be made. Much m o r e exper i -
menta l work mus t be done before the per iodic relat ion is es tabl ished 
beyond doubt. 
It is impossible to make a genera l statemient concerning the 
re la t ion between the the rma l conductivity of pure meta l s and thei r 
atomic numbers that is not open to objection. However, it is 
reasonable to expect that the t he rma l conductivity of a meta l will, 
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in mos t c a se s , be the same o rde r of magnitude as the other meta l s 
in the same per iodic group, and that this relat ion can be used for 
predict ing the value of t he rma l conductivity for p re l imina ry or 
exploratory work. 
The t he rma l conductivity of most meta l s changes slowly 
with t empera tu re above about 80°K and the per iodic re la t ion d i s -
cussed above would therefore be expected to hold over a wide range 
of t e m p e r a t u r e . That this is indeed the case is shown in F igure 2, 
which is a plot of the t h e r m a l conductivity at about 80° K against 
atomic number . At lower t e m p e r a t u r e s than this the per iodici ty 
probably holds l e s s well since the conductivity of mos t me ta l s p a s s e s 
through a maximum in this temiperature range. The t h e r m a l conduc-
tivity of most meta l s i n c r e a s e s as the t empera tu re d e c r e a s e s , but 
in a few cases such as t i tanium, uranium and beryl l ium, for example, 
the conductivity d e c r e a s e s at lower t e m p e r a t u r e s . This fact a lso 
contr ibutes to reducing any per iodic i ty at low t e m p e r a t u r e s . 
The predict ion and es t imat ion of t h e r m a l conductivity. - - T h e r e is no 
genera l or completely re l iable method for the predict ion of the t h e r m a l 
conductivity of meta l s and al loys. If the t he rma l conductivity of a 
reasonably pure meta l is des i red the per iodic re la t ion appears to 
offer the best method of es t imat ion. The problem is much more 
involved if the conductivity of an alloy is des i red . If the conductivity 
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of the consti tuents of the alloy is known, a rough es t imate may be 
made from the fact that the conductivity of an alloy often va r i e s 
from one-tenth to one-half that of the pure components. The v a r i a -
tion may be more if an element such as a r sen i c , phosphorous or 
manganese is p resen t . The existence of severa l solid state solutions 
in many alloy sys tems complicates the p ic tu re . There is no real ly 
sat isfactory method for est imating the t he rma l conductivity of an 
alloy. 
The predict ion of the var ia t ion of thermial conductivity with 
t empera tu re is not so difficult. The conductivity of pure meta l s in 
general i n c r e a s e s with decreas ing t empe ra tu r e , the inc rements 
being l a r g e r at lower t e m p e r a t u r e s than near room t e m p e r a t u r e . 
For example, the conductivity of one specimen of aluminum (5) is 
20. 0 wa t t s / cm " C at 21° K and only 3.46 wa t t s / cm °C at 80° K. The 
value at room t empera tu re is about 2. 2 wa t t s / cm °C. It should be 
pointed out that the magnitude of the maximum values, which usually 
occur at approximately 20°K, is often in doubt because i t is great ly 
affected by smiall amounts of impur i t i e s . In the case of aluminum, 
for ins tance, one invest igator (69) r epo r t s a maximum of 45 w a t t s / 
cm °C at 16. 3° K while another (65) r epo r t s a maximum of 9. 0 w a t t s / 
cm ° C at 30° K. This is not an unusucriL case . The agreement at 75° K 
and above is much be t te r . The inc rease in conductivity between room 
t empera tu re and 75° K ranges from ten to twenty-five per cent in most 
c a s e s . 
29 
Alloys in genera l dec rease in t he rma l conductivity with a 
dec rease in t empe ra tu r e . The conductivity of an alloy at 80° K is 
general ly th ree- four ths to one-half i ts value at room t empera tu re . 
On decreas ing the t empera tu re to about 20° K the conductivity is 
further reduced by a factor of from two to four or five. Below 20° K 
the conductivity of both alloys and pure meta l s usually d e c r e a s e s 
ra the r rapidly toward zero at the absolute zero of t e m p e r a t u r e . 
CHAPTER m 
COMPILATION OF THERMAL CONDUCTIVITIES OF 
METALS AND ALLOYS 
Introduction. - -The l i t e ra tu re survey was undertaken to compile in 
one place the available t he rma l conductivities of meta l s and al loys, 
pa r t i cu la r ly those of engineering impor tance , in the t e m p e r a t u r e 
range 20° to 273°K, with some values above and below this range 
included. The activity in this field, resul t ing from theore t ica l 
advances explaining conduction p r o c e s s e s and the availabili ty of 
re la t ively simple cryogenic equipment, has resul ted in a r a the r l a rge 
amount of information which has been sca t te red throughout the sc ien-
tific l i t e r a tu r e . No at tempt had been made to compile this data since 
the 1923 edition of Landol t -Borns te in Tabellen and i ts th ree supple-
ments , the las t of which appeared in 1935. Data from the Landolt-
Bornste in Tabellen in the indicated ten ipera ture range a re included 
in this repor t . No sys temat ic l i t e ra tu re sea rch was raade for the 
period p r io r to 1925 as it was assumed all available information for 
this per iod would be in the Landol t -Bornste in Tabellen. 
See footnote on page 2 and Powell and Blanpied (88). 
Ref. (88) is a compilation of data for both meta l s and crys ta l l ine 
solids which was collected from the l i t e r a tu re . There is considerable 
overlap between the p resen t work and that of Powell and Blanpied. 
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Results of the l i t e ra tu re survey a r e p resen ted in four tables 
beginning on page 37. Data a r e repor ted for forty pure raetals and 
about 150 al loys, iTiuch of which has not previously been sat isfactor i ly 
compiled for ready re ference . An index for these tables was p r e -
pa red to avoid extensive c ro s s referencing. A skeleton outline of 
re fe rences 1 to 78 follows the tables and is given in detail in the 
genera l bibliography. The survey was conducted in the l i b r a ry of 
the Georgia Institute of Technology. The more comprehensive 
English language abs t rac t and index journa l s , pa r t i cu la r ly Chemical 
Abs t r ac t s , the Engineering Index and the Industr ia l Ar t s Index, were 
searched for the per iod from about 1925 through 1953. The 1952, 
1953 and ear ly 1954 numbers of the following journals were also 
searched in o rde r to bring the survey as near ly up to date as poss ib le . 
The Phys ica l Review 
The Journa l of Applied Phys ics 
The Journal of Scientific Ins t ruments 
The following journals were searched for the same per iod but with 
one or more numbers missed . 
Physica 
Proceedings of the Phys ica l Society of London 
Proceedings of the Royal Society of London 
The Philosophical Magazine 
The Landol t -Bornste in Tabellen ( 1 - 8 ) were re l ied on for anything 
published p r io r to the per iod 1925 to 1930. 
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Several of the re fe rences requ i re special comment because 
they r ep re sen t r a the r extensive compilations of data themse lves . 
References (1) through (8) all re fer to the Landol t -Borns te in Tabellen, 
with odd numbers re fe r r ing to data for pure metals and even numbers 
to data for a l loys . References (1) and (2) refer to the fifth (1923) 
edition, (3) and (4) to the f i rs t supplen:ient, (5) and (6) to the second 
and (7) and (8) to the third supplement of this edition. These tables 
were re l ied on for a lmost a l l of the work repor ted p r io r to about 
1925. An exception to this is the work of Lees (26), who measu red 
the t he rma l conductivity of nine meta l s and six alloys between 103° K 
and room t e m p e r a t u r e . The work of de Nobel (12) and of E s t e r m a n n 
and Z i m m e r m a n (11) i s extensive and, taken together , they have 
measu red the conductivity of some thir ty- two alloys and th ree me ta l s , 
a l l at very low t e m p e r a t u r e s . Mendelssohn and Rosenberg (65) have 
m e a s u r e d and repor ted the t he rma l conductivity of twenty- three 
meta l s at t e m p e r a t u r e s up to approximately 35°K. The absence of 
reference to such noted ea r ly workers a s Gruneisen, Goens, 
Meissner and o thers i s due to the fact that the r e su l t s of the i r work 
were taken from the Landol t -Bornste in Tabellen. 
Mention should also be made of the work of C. S. Smith et al 
(29, 54), Bungardt and Kallenbach (34) and A. W. Smith (64). These 
a r e la rge compilations of data, most of which a r e for room t e m p e r a -
ture or above. C. S. Smith and co -worker s r epor t the r e su l t s of a 
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l a rge p r o g r a m of r e s e a r c h on the alloys of aluminum and copper. 
One r epor t (29) included all the data then available for copper and 
its a l loys, Bungardt and Kallenbach p re sen t extensive data for 
var ious alloys of aluminum, A. W. Smith investigated the the rmal 
conductivity of twenty-two binary alloys as a function of composit ion 
at about 60 "C, 
Fo r other sources of informiation, re ference can be made to 
such work as that of Smithel ls , Colin J, , Metals Reference Book, 
New York^ Inter science Pub l i she r s , Incorporated, 1949? to re fe rences 
( 3 0 ) , ( 8 3 ) , ( 84 ) , the International Cri t ical Tables , or many of the 
engineering and scientific handbooks. 
Explanation of the tab les . - -The four tab les . Tables I, II, III and IV, 
contain the data on the the rma l conductivities of meta ls and alloys 
which were gathered during the l i t e ra tu re survey. In Table I the 
the rmal conductivities of the pure meta ls a r e l i s ted in alphabetical 
o r d e r . The non-fer rous al loys, in Table II, and the fe r rous al loys, 
in Table III, a re a r ranged , f i r s t , in alphabetical o rder of the major 
consti tuents and, second, in alphabetical o rder of the remaining 
const i tuents . Table IV contains "misce l l aneous" data for var ious 
al loys, with an a r r angemen t s imi la r to that in Tables II and III, 
Most of these data a re at room tempera tu re or somewhat higher . This 
table is included for further information only and is not intended to 
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be comprehensive . More data for carbon s teels at room t empera tu re 
a r e available, but were not included because these alloys become 
br i t t le at only slightly below normal ly encountered a tmospher ic 
t empe ra tu r e s and a r e therefore not used in low t empera tu re equipment. 
An index to the tables has been p repa red and will be found 
immediate ly follovdng the tables on page 144. The purpose of the 
index is to avoid extensive c r o s s referencing in the tab les . Following 
the index will be found an abbreviated bibliography for the tab les . The 
re fe rences also appear , with the same numbers , in the genera l bibliog-
raphy. Several of the re fe rences a r e to foreign language publicat ions. 
In these cases the data were taken from tables or graphs accompanying 
the a r t i c le and the text was not read. 
The use of abbreviat ions and symbols in the descr ip t ions 
accompanying the data was kept to a minimum consistent with good 
form and easy understanding. The usual symbols were used for the 
chemical e lements . All composit ions a r e in weight per cent unless 
otherwise indicated. Underlined numbers a r e uncer ta in . In some 
ins tances the numbers were read from a graph; these cases a r e 
indicated by the words "Read from graph^ and enough points a r e 
recorded to allow reproduct ion of the curves within reasonable l imi t s . 
Most meta l s have a maxinnum in thei r t he rma l conductivity at a very 
low t empe ra tu r e . In those cases where the data were presen ted 
graphically the maximum value has been recorded in the t ab les . 
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Numbers in paren thes i s were obtained by an extrapolation per formed 
by the original r e p o r t e r s . The method of presenta t ion is as cons is t -
ent as poss ib le . When the data requ i re a change in the usual p r e s e n -
tation, the new method is explained in footnotes if it is not otherwise 
c lear . Most of the original data were repor ted ei ther in the units 
wa t t s / cm °C or c a l / c m - s e c °C. Values repor ted in the la t te r unit 
were multiplied by the factor 4. 18633 to convert to w^atts/cm °C, 
which is the unit used throughout the tables unless otherwise noted. 
The complete nomenclature used in the tables and some factors for 


























balance or r ema inde r 
Br i t i sh t he rma l unit 
approximately 
t empera tu re , degrees Centigrade 
cent imeter 
continued 
heat capacity at constant p r e s s u r e 
density, g r a m s per cubic cent imeter 
d iameter 
difference 





inside d iameter 
inches 
t empera tu re , degrees Kelvin 
t he rma l conductivity, wa t t s / cm °C unless 
otherwise noted 
maximum 
mil l i ca lor ie 
minute 
mi l l imete r 
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o. d o u t s i d e d i a m e t e r 
Ref. r e f e r e n c e 
s a m e u s e d to i n d i c a t e the s a m e s p e c i m e n a s the 
one i m m e d i a t e l y p r e c e e d i n g wi th e x c e p t i o n s 
a s no ted 
s ec s e c o n d 
sq s q u a r e 
SS s t a i n l e s s s t e e l 
T o r t e m p t e m p e r a t u r e 
^ T t e m p e r a t u r e d i f f e r ence 
vol v o l u m e 
w t h e r m a l r e s i s t a n c e , = l / k 
% p e r cen t 
V e l e c t r i c a l r e s i s t i v i t y , ohm cm (X 10^ u n l e s s 
o t h e r w i s e no t ed ) . When p i s fo l lowed by 
a n u m b e r in p a r e n t h e s i s , the n u m b e r i s 
the t e m p e r a t u r e in ° C a t wh ich the r e s i s t i v i t y 
w a s m e a s u r e d 
C o n v e r s i o n f a c t o r s . - - T o c o n v e r t w a t t s / c m ° C to the u n i t s i n d i c a t e d 
in c o l u m n A, m u l t i p l y by the n u m b e r in c o l u m n B . 
c a l / s e c - c m ° C 0 . 2 3 8 8 
c a l / m i n - c m ° C 1 4 . 3 3 
B T U / ( s e c - s q f t - ° F / i n ) 0. 1926 
B T U / ( m i n - s q f t - ° F / i n ) 11 . 56 
B T U / ( m i n - s q f t - ° F / f t ) 0. 9634 
B T U / ( h r - s q f t - ° F / i n ) 6 9 3 . 6 
B T U / ( h r - s q f t - ^ F / f t ) 5 7 . 8 0 
B T U / ( s e c - s q f t - ° C / i n ) 0. 3467 
B T U / ( m i n - s q f t - ° C / i n ) 20. 81 
B T U / ( m i n - s q f t - ° C / f t ) 1. 734 
B T U / ( h r - s q f t - ° C / i n ) 1 2 4 9 . 0 
B T U / ( h r - s q f t - ° C / f t ) 104. 0 
H P / ( s q f t - ° F / i n ) 0. 02271 
H P / ( s q f t - ° F / f t ) 0. 2725 
H P / ( s q f t - ° C / i n ) 0. 04088 
H P / ( s q f t - ° C / f t ) 0 . 4 9 0 5 
TABLE I 




Commerc ia l 
0. 5 F e , 0.4 Cu 
0. 75 F e , 0. 38 Si, d = 2.686 
99. 98 Al, 0. 027 Cu, 0. 030 F e , 0. 059 Si 336 
Coarse grained casting, t empered 
2-1 /2 hr at 300° C in vacuum 
Similar c rys t a l s , drawn, s t re tched 
2 -1 /2%, annealed, 5 x 15 mm gra ins 80 
Technically pure conducting wire , 
t empered in vacuum ca 255° C 
Same, s t re tched 3%, annealed 
Single c rys ta l , fairly pure , 
r ec rys t a l l i zed 
Chill casting, very pure 
21.4 1. 59 1 
85.0 1.90 
273 1.93 
291 2.01 1 
301. 8 1.94 1 
2. 10 64 
21 20. 0 5 
SO 3.46 
21 11.9 5 
3.45 
21 2. 93 5 
80 2.67 
21 2. 13 5 
80 2.45 
21 1. 37 5 
SO 2.08 
89 2. 54 5 
273 2.25 
References 1-78 a r e given in skeleton outline on page 1 39ff 
and a re repor ted in detail in the complete bibliography. 
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TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T°K k Ref. 
Aluminum (Continued) 
99. 6 Al, 0. 2 F e , 0. 2 Si: 
Single c rys t a l A 288 2.07 5 
Single c rys t a l B 288 2. 10 
Hardened wire 288 2. 07 
Annealed wire 288 2. 05 
Single c rys t a l wire 288 2. 07 
Utmost puri ty 80 2. 56 7 
273 2.26 
9 9 . 7 A 1 , 0 . 2 F e , 0. 14 Si 273 2. 23 7 
273 2. 26 
99 Al, d = 2. 70, ^' (21. 1) = 2. 97 103 (2.19) 26 
113 2. 15 
123 2. 13 
148 2. 05 
173 2. 06 
198 2. 06 
223 2.07 
248 2. 09 
273 2. 10 
291 2. 11 
As rolled, Brinnel l ha rdness = 17 15. 73 3. 82 12 
17. 75 4. 17 
19. 32 4. 33 
20.05 4 .50 
24. 6 4. 83 
24. 8 4, 90 
29. 2 5. 16 
29 .5 5. 21 
38. 0 5.65 
78. 8 3. 25 
86. 7 3.00 
TABLE I (Continued) 




99. 995+Al, 0. 002 Mg, l e s s than 
0. 001 Si, 0. 0005 F e , 0. 0005 Cu, 
faint t r ace Na, annealed, poly-
crys ta l , from Johnson Matthey 
Read from graph 
99. 994 Al, annealed, polycrys ta l , 




16. 3 45 
26.5 36 









E lec t r i c , cast , very pure 
P r e s s e d powder, density ca 1% 
less than cas t Sb 
Fine c ry s t a l s , c r o s s sectional 
a r ea = 0. 000141 sq cm 
Crys t a l s , c r o s s sectional a r e a = 
0. 000227 sq cm 





193 0. 137 
273 . 121 
83 0.248 
194 . 186 
273 . 159 
90 0. 192 
273 . 172 
90 0.201 
273 . 172 
90 0. 222 
273 . 180 
TABLE I (Continued) 




Crys ta l s , c r o s s sectional a r e a 
0. 143 sq cm 
273 0.247 
Single c rys ta l , pa ra l l e l to pr incipal 
axis 
Single c rys ta l , perpendicular to 
rod axis 
Single c rys ta l , pa ra l l e l to rod 
axis 
79. 5 0.490 50 
91.2 .448 
79. 2 0. 520 50 
91.2 .458 
81. 2 0. 517 50 
91. 2 .462 
Beryll ium 
ca 0. 5% impur i t ies (Al, Mn, Cr , 
F e , Si, Mg) 
Perpendicular to hexagonal axis 
(Specimen 3) 
Perpendicu la r to hexagonal axis 
(Specimen 4) 
Perpendicu la r to hexagonal aixis 
(Specimen 8) 
97.0 0.971 
208. 2 1. 36 
282. 7 1.64 
23.2 31. 0 
80.6 14.92 
22. 7 25. 3 
79. 0 14. 68 
90.6 11. 04 
22. 6 38.4 





P a r a l l e l to hexagonal axis 92 .1 14.61 49 
TABLE I (Continued) 




Elec t ro ly t ic , cas t , very pure 
P r e s s e d powder, very pure , density 
about 1% less than cast Bi 
P u r e 
Fine c ry s t a l s , c r o s s sectional 
a r ea = 0. 000167 sq cm 
Coarse g ra ins , c r o s s sectional 
a r ea = 0. 25 sq cm 
83 0. 261 
196 . 108 
273 . 102 
83 0. 208 
273 .0812 
87 0. 233 
194 . 105 
291 . 0803 
273 0. 0740 




273 . 113 
Heat flow perpendicular to t r igonal 
axis 
300 0. 0933 
Heat flow pa ra l l e l to t r igonal axis 
99. 999 Bi, single c rys ta l , pa ra l l e l 
to pr inciple t r igonal axis 
00 0. 05817 5 
16.6 0.632 7 
17. 7 .627 
18.4 .577 
19.6 . 573 
20. 1 .506 
81.5 . 167 
TABLE I (Continued) 




P a r a l l e l to secondary axis 
P a r a l l e l to bisection of two 
secondary axes 
Single c rys ta l , 2 angular axes 
pr inc ipa l axis = 80° 
Single c rys ta l , pa ra l l e l to 
pr inc ipa l t r igonal axis 
16.6 0. 770 
17.6 0.891 
18.6 0. 920 
19.6 0. 837 
20. 1 0. 786 
81. 5 0.259 
16.6 0. 987 
17.6 0.987 
18.6 1. 11 
19.1 1. 04 
20. 1 0. 996 
81. 5 0, 205 
80 0. 187 
84. 5 0. 178 
89. 1 0. 176 
296.5 0. 110 
112. 3 0. 113 
123.6 0. 103 
133. 3 0. 0933 
141.0 0.0878 
142. 6 0.0874 
149.8 0.0828 
155. 9 0.0799 
160.4 0.0766 
166.5 0. 0749 
188. 0 0.0686 
195. 8 0. 0648 
202. 5 0.0619 
227. 5 0.0577 
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TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T°K k Ref. 
Bismuth (Continued) 
Single c rys ta l , perpendicular to 
pr incipal t r igonal axis 
Single c rys ta l , 99. 997 Bi (by 19.47 0.719 19 
diff. ), O.OOZAg, 0. OOlPb, 
minute t r ace of Cu, t r igonal 
axis pa ra l l e l to rod axis 
Single c rys ta l , c rys ta l l ized 19, 38 0. 769 19 
5 t imes , 99. 998 Bi (by diff.), 
0. 001 Ag, minute t r a ce of Pb , 
t r igonal SLxis perpendicular to 
rod axis 
104. 7 0. 196 
109.3 0. 186 
117. 1 0. 171 
131.8 0. 154 
141. 5 0. 144 
152. 5 0. 132 
160. 0 0. 129 
172.6 0. 123 
188.8 0. 116 
208.4 0. 114 
 719 
20.44 0.671 
21. 13 0. 613 
66.71 0. 181 
67. 70 0. 179 
67.90 0. 178 
70.63 0. 174 
73. 17 0. 168 
75. 21 0. 164 
76.87 0. 159 
78. 35 0. 157 
79.67 0. 156 
80.44 0. 154 
83. 07 0. 152 
. 38  769 
19. 70 0. 763 
19.91 0. 757 
20. 22 0. 741 
20. 57 0. 730 
21.23 0.675 
21.93 0.645 
66. 35 0. 186 
TABLE I (Continued) 




Single c rys ta l , c rys ta l l ized 
5 t imes , 99. 998 Bi (by diff.), 
0. 001 Ag, minute t r ace of Pb , 
t r igonal axis perpendicular to 
rod axis (continued) 
Perpendicu la r to ^^X" axis 
Single c rys ta l , pa ra l l e l to 
























0. 1943 51 
0. 0540 52 
Single c rys ta l , perpendicular to 
t r igonal axis , ^ = 0. 0114 x 10"^ 
ohm-cm 
298 0. 0925 52 
C admium 
Cast , pu re , redis t i l led , 
d = 8.64, ^ (ZZ. 8) = 7. 78 
I 
103 1. 00 
113 1. 00 
123 0. 996 
148 0. 979 
173 0.966 
198 0. 950 
223 0.941 
248 0.929 
273 0. 916 
291 0.908 
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TABLE I (Continued) 





P u r e "Kahlbaumtt 
20. 6 2. 34 1 
22. 6 1.67 
87 1.03 
273 0.937 
20. 6 1. 87 1 
22. 5 1. 83 
87 1. 02 
273 0.975 
83 1. 23 1 
194 1.02 
273 1. 01 
273 0. 926 1 
273 0. 920 
Pure 291 0.927 
Single c rys t a l s , pure , 
undeformed, pa ra l l e l to 
hexagonal axis 
Same, perpendicular to 
hexagonal axis 
99^ 999 Cd, cas t in g lass , from 
Hilger , read from graph 
21 1.80 
83 0.904 
293 0. 832 
21 2. 00 







TABLE I (Continued) 




195. 8 0. 347 
195.5 0. 341 
273.5 0. 292 
274.0 0.292 
299. 0 0. 267 
299.4 0.266 
316. 5 0.262 
316.9 0. 262 
333. 9 (0.282) 
334.4 (0. 275) 
27 
Cobalt 
0 . 2 4 C , 1.4 Fe , 1. 1 Ni, 0, 14 Si 
Columbium 
303 0. 692 
99. 99 Cb, annealed, from 




9 0. 15 
2 0. 33 
65 
Copper 
P u r e , soft drawn, d = 8. 84, 









273 3. 87 
291 3.83 
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Elec t ro ly t ic , especial ly pure 
Elec t ro ly t ic , very pure 
Natural c rys t a l s 
Technical 
P u r e 
P u r e electrolyt ic 
With a t r a ce of As, 
Single c rys ta l , cut from la rge 
block, not ent i rely pure 
Same, t empered 7-1/2 hr at 
380°C 
20.4 18. 82 
90 4.98 





73 8. 16 
83 5.94 
273 4. 10 
22 13. 1 
85 4. 73 
196 4. 02 
273 3. 93 
291 3. 73 
291 3.91 
293 3.94 
303 3. 81 
291 1.42 
21 19. 0 
as 5. 15 
21 25. 3 
83 5.27 
TABLE I (Continued) 




Forge hammered from 6 to 2. 5 mim 
dia. , t empered 3 hr at 380° C 
Same, annealed 5 min. in vacuum 
at 950° C, ca 25 c rys ta l s pe r 
sq mm 
Similar , 3 - 4 gra ins per gauge 
length, untempered 
Same, t empered 4 hr at 380° C 
Single c r y s t a l s , mielted and 
solidified, undeformed and 
unworked, not very pure 
Natural c ry s t a l s , p repared from 
a single grain, t empered at 
380° C, very pure 
21 25. 7 
83 5. 36 
21 20.4 
83 5. 23 
21 19.0 
83 5. 15 
21 27.4 
83 5. 31 
21 11.4 
83 5. 02 
21 79 to 92 
83 5.56 
Natural c ry s t a l s , very pure , 
t empered at 380°C, porous 
21 88. 0 
F r o m a bloom, forge hammered 




















TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T°K k Ref. 
Copper (Continued) 
P u r e s t e lect rolyt ic , fine grained, 
t empered 4. 5 hr at 380° C 
Uniform unworked sample , t empered 
4. 5 h r at 380° C, then 5 min. at 
950°C 
Single c rys ta l , unworked 
Natura l c r y s t a l s , hammered 3 to 
1. 3 mm dia, te:mpered 3 hr at 
380° C, fo= 1-56 X 10-6 ohm-cm 
P u r e electrolyt ic 
Elect ro lyt ic 
99. 986 Cu, 0 . 0 2 2 O , 0. 0016 F e , 
0. 0015 S, anneailed 1 hr at 550° C, 
a i r cooled, avg grain dia = 0. 075 mm 
Thin wire , 0. 2 mm dia, not very pure 15. 5 23, 8 17 
21 56.9 5 
83 5.40 
21 46.4 5 
83 5. 31 
98. 4 4. 73 5 
235. 5 4.41 
292. 6 4. 14 
21. 4 82.0 7 
78. 9 5. 77 
273 3.91 7 
ca 273 3.84 58 
293 3.94 29 
.
17. 1 22. 7 
18. 6 20.4 
21. 8 18.2 
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TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T°K Ref. 
10 7. 95 
15 10. 0 
20 12. 1 
Copper (Continued) 
Annealed e lec t r i ca l wi re , 
doubtful pur i ty 
Also: k = a + bT (ca 5° to 20°K), where a = 900, b = 100, 
units will be mi l l i ca l / ( cm-sec -deg ) 
99. 999 Cu, annealed, polycrys ta l , 
from Johnson Matthey, read from 
graph 
Only impur i t i e s : ca 0. 0005 Ag, 
l e s s than 0. 0003 Ni and 
0. 004 Pb . Dravnn into wi res 
1. 12 and 0.45 mm dia, annealed 
6 h r at 450° C in He, read from 
graph 
Also: 1/k = 0. 2 1 2 / T + 2. 55̂  X lO'^T^ (12° to 30°K) 
uni ts , wa t t s / ( cm °C) 
Gallium 









34. 0 26 
45. 0 15 
65. 0 7 




P r e l i m i n a r y observat ions on 99. 99 Ga: 
P a r a l l e l to c axis Room 0. 84 
P a r a l l e l to a axis Room 1. 7 
P a r a l l e l to b axis Room 4. 2 
Specimen: or thorhombic c rys ta l , c axis pa ra l l e l to 
pyramid axis , b and c axes coincide with diagonal of 
pyramid base , b axis is the good (best) conducting one 
47 
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TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T°K k Ref, 
Galliuin (Continued) 
At 20°K, for the equation w = l / k = AT + B / T , the constants 
A a r e in the rat io 1:4: 10. 5 for the c, a and b axes , respect ive ly . 
B has a s imi la r anisotropic effect. At 40°K, w is in the ra t io 
1: 2. 3: 5. 2 for the th ree axes . See Ref. 70. 
Germanium 
Single c rys ta l , n- type, ^ = ca 298 0. 586 13 
10 ohm-cm, 5 / l6 sq in c r o s s 
section by 3/4 in long. Long 
dimension or iented along a 
100-crys ta l axis 
High puri ty , cas t single c rys ta l , 3. 7 0.487 62 
l / 4 in dia rod, accuracy ca 20%, 
room temp ^ = 0. 30 ohm-cm 
 7 4  
10. 2 2. 76 
14. 0 3.66 
15. 0 3. 95 
15.9 3.85 
16, 0 4.2 
16.9 4. 10 
17. 3 3.95, 4. 32 
19. 1 3.98, 4. 15 
20. 2 4,45 
20. 5 3.95 
20. 6 3, 11 
63. 5 2.97 





TABLE I (Continued) 
Ther:nrial Conductivities of P u r e Metals 
T°K k Ref. 
Germanium (Continued) 
0. 006 atomic % Al, l / 8 in dia 2. 72 0. 0265 62 
rod, room temp ^ = 0. 0021 ohm-
cm, accuracy "much be t t e r " than 
20% 
 
3. 59 0. 0479 
3.87 0.0581 
14. 5 0. 995, 1.00 
15.8 1. 09, 1.19 
18. 1 1. 31, 1.28 
19. 7 1. 38, 1.51 
20.4 1. 76, 1.53 
63.6 1.90 
67.2 1. 82 
68 1.90 
69 1. 87, 1.64 
70 1. 72 
78 1. 62 
86 1. 67, 1.73 
n-type, ^ = 0. 005 ohm-cm at room 4. 2 0. 36 71 
temp 
n-type, P = 0. 013 ohm-cm at room 55 4. 0 71 
temp 80 2. 5 
p- type, ^ = 0. 2 oh:m-cm at room 55 5. 0 71 
temp 80 2. 5 
Gold 
0 .001% impur i t i es 20.4 15. 1 
90 3.22 
273 3. 11 
P u r e 291 2 .93 
TABLE I (Continued) 




d = 19.49 
Forged 
Annealed 
Single c rys ta l , very pu re , 
unworked, avg of 2 values 
Original single c rys ta l , forged, 
t empered 5. 5 hr at 380° C 
Rod from Jaeger and Diesse lhors t 
forged twice at 'glowing heat, 
untempered, technically pure 
Same, t empered c£i 3 hr at 390° C 
Forged, untempered, very impure 
290 2. 95 3 
297 2. 98 5 
297 2. 98 5 
21 15.6 5 
83 3. 34 
21 15.5 5 
83 3. 32 
21 3.53 5 
83 2. 90 
21 4. 16 5 
83 2.96 
21 3.39 5 
83 0. 866 
99. 99 Au 273 3. 06 lOA 
99. 999 Au, polycrystal l ine 
wire , from Johnson Matthey, 





TABLE I (Continued) 




99. 9 Au, Impur i t ies ; Ag, t r a c e s 
of P t , faint t r a c e s of Cu, F e , 
Pb and Sn. Restd from graph 
Same, annealed, read from graph 
99. 999 Au with spec t ra l l ines of 
Ag and Cu, faintly visible 
l ines of Cd, Fe , Mg and Na, 
very faintly visible l ines of 
Ca and Zn, read from graph 
Same, annealed, rciad from graph 
3 1.8 
22 4. 3 
66 3. 1 











2 10. 3 









99. 993 In, polycrystal l ine wire , 
froin Johnson Matthey, read 
graph 
2. 0 5. 7 
3. 5 7.8 
4. 5 8.4 





T A B L E I (Cont inued) 
T h e r m a l C o n d u c t i v i t i e s of P u r e M e t a l s 
T ° K k Ref. 
I r i d i u m 
d = 22. 33 290 0. 590 3 
99 . 995 I r , a n n e a l e d w i r e , f rom 2 3 65 
J o h n s o n Ma t they , r e a d f rom 21 16 
g r a p h 34 10 
I r o n 
9 9 . 4 2 F e , 0 . 0 0 1 C, 0. 0015 Mn, 103 (0 .632) 26 
0. 0013 Si, wrough t , d = 7. 74, 113 0 . 6 3 6 










0 . 6 3 6 
0. 627 
0 . 6 1 9 
0 . 6 1 5 
0 . 6 1 5 
0 . 6 1 5 
C a s t , 31 k i n d s (d •-= 6. 85 - 7. 22) 281 0. 3 8 9 - 0 . 6 4 0 1 
a v e r a g e s j d = 7. 28 0 . 4 8 9 
C a s t , 3 . 5 C, 0 . 5 M n , 1.4 Si 303 0. 623 1 
M a l l e a b l e , 0. 09 C, 0. 31 Mn, 0 . 1 1 303 0 . 4 1 0 1 
Si, 0 . 2 9 Cu, 0. 03 P , 0 . 0 3 S, 
a n n e a l e d a t 900° C 
M a l l e a b l e , 0. 1 C, 0. 1 Mn, 0. 2 Si 291 0 . 6 0 1 1 
M a l l e a b l e , 0. 105 C, 0. 06 Mn, 0 . 0 1 5 291 0. 715 1 
Si, 0 . 0 5 C U , 0 . 0 3 P , 0 . 0 1 5 S , 
d = 7. 87 
TABLE I (Continued) 




Double e lec t r ic refined, forged 
and tempered 
Elec t ro ly t ic , polycrysta l l ine , 
technical , unternpered 
Elec t ro ly t ic , repeatedly forged, 
t empered 1 hr at 500° C 
Technically pure 
Elec t ro ly t ic , 10 c rys t a l 
boundaries per cm 
Elec t ro ly t ic , 170 grain 
boundaries per cm 
Elec t ro ly t ic , 634 grain 
boundaries per cm 
9 9 . 2 F e , 0. 02 C, 0. 02 Mn, 0. 02 S, 
0. 01 P , 0. 01 Si 
P u r e , annealed in vacuum 
Wire, 9 9 . 8 8 F e , 0,. O U C , 0.017 
Mn, 0 . 0 0 6 P , 0,. 026 S, 0. 056 Cu, 
0.002 Si 
0. 0045 C, 0. 0002 Si, 0. 001 P , 
0. 0006 Ni, 0. 002 Mn, t r a ce 
of Mg, Al 
21 5. 61 5 
83 1.51 
21 3. 01 5 
83 1. 36 
21 0.494 5 
83 0. 908 
273 0. 774 7 
80 1. 84 7 
273 0.941 
80 1.83 7 
273 0. 899 
80 1. 18 7 
273 0.824 
273 0. 740 













TABLE I (Continued) 




P u r e s t electrolytic 
99. 93 F e , as forged, Br ine l l 
ha rdness = 103 
99. 99 F e , annealed, from Johnson 
Matthey, read from graph 
5.0 0.431 
10. 0 0. 760 
15.0 1. 110 
20. 0 1.470 
15. 77 0. 518 
16. 79 0. 586 
19. 35 0. 634 
21. 37 0. 738 
23.85 0. 838 
26,4 0.945 
38.4 1.224 
52, 0 1.305 
67. 1 1.099 
76. 8 0.931 
93. 0 0. 935 
2 0. 30 
27 2.40 




L e a d 
P u r e , d = 11 . 29, P (17 .4 ) = 2 0 . 9 103 (0.389) 
113 0. 385 
123 0. 381 
148 0. 372 
173 0. 364 
198 0. 356 
223 0. 356 
248 0. 351 
273 0. 351 
291 0. 347 
26 
58 
TABLE I (Continued) 
Therjmal Conductivities of P u r e Metals 
T°K k Ref. 
Lead (Continued) 




20. 4 0.485 
90 0. 376 
273 0. 350 
20. 6 0.477 
26. 4 0.452 
85. 9 0. 397 
273 0. 330 
20. 8 • 0. 544 
26. 1 0.489 
86. 2 0. 385 
273 0.372 
90 0.452 
261 0. 385 
298 0. 345 




223 0. 376 
273 0. 353 
323 0. 332 
23 0. 535 
73 0.473 
173 0.406 
273 0. 351 
TABLE I (Continued) 




Avg value from 2 rods 
P u r e , mel ted in vacuum and 
frozen into a single c rys t a l 
99. 998 Pb, single c rys t a l in 
no rma l s tate , read from graph, 
high sharp maximum ca 2. 5°K 
11.1 1.05 
13. 0 0.571 
14.6 0. 735 
17. 3 0.621 
19.1 0. 565 
21.0 0. 524 
25 0. 500 
34 0.442 
43 0.426 
77 0. 397 
14. 38 0. 913 
15.47 0. 730 
15.57 0. 746 
15.85 0. 714 
17.63 0. 658 
17. 92 0. 633 
20. 19 0. 575 
21. 31 0.552 
22. 70 0. 526 
2 11.0 
5 16.5 












TABLE I (Continued) 




Chill casting, very pure 
23 4. 18 
73 0.912 
98 0. 866 
123 0. 837 
148 0.803 
173 0. 774 
198 0. 740 
223 0. 711 
248 0.682 
273 0.648 
293 0. 623 
80 1.87 
273 1. 72 
Magnesium 
9 9 . 9 5 M g , 0. 0 2 8 F e , 0. 014 Si 
0. 18 Si, 0. 005 Al, 0.01 F e , 
cast , untempered 
Same, annealed at 450° C 
Utmost puri ty 
99. 95 Mg, polycrys ta l , from 
Johnson Matthey, read from 
graph 
273 1.57 1 
336 1. 50 64 
303 1.48 3 
303 1. 53 3 
80 1. 87 7 
273 1. 72 
2 3. 2 65 





TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T°K k Ref. 
Magnesium (Continued) 
99. 98+ Mg, 0.013 Fe , 0. 0023 Mn, 3 2.0 73 
0. 0013 Pb, faintly visible 
spec t ra l l ines of Si, Cu, Ag, 
Ca, and Na, as drawn, from 
Johnson Matthey, read from 
graph 
Same, annealed, read from graph 2 2. 6 73 
 0 
12 9.0 
20 10. 0 
33 7.0 
58 3.0 






70 2. 0 
150 1.6 
3. 0 2. 1 
4.5 4. 0 




99. 95+ Mg, main impur i t i e s : 3. 0 2. 1 78 
0. 03Mn, 0 . 0 0 7 5 F e , 0. 004 Al, 
annealed in vacuum 6 hr at 
500°C 
Manganese 
beta-Mn 83 0. 050 7 
99. 99 Mn, annealed, from Johnson 2 0. 002 65 
Matthey, read from graph, ca 32 0. 03 
l inear in range shown 
62 
TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 





Single c rys ta l , pa ra l l e l to 
pr incipal axis 
Single c rys ta l , perpendicular 
to pr incipal axis 
Molybdenum 
d = 9.933 
Very pure , annealed at 220° C 
Same, annealed at 900° C 
Somewhat l e s s pure , annealed 
at 220°C 
0. O l A l , 0 . 0 5 B i , O.OSCd, 0.001 
Co, 0.001 Cu, 0.01 Ge, 0.001 Pt , 
0. 001 Rh, 0. 01 Sn, 0. 01 Ti, 
t r ace of C, V, W 
3.9 1.67 
4.9 1. 13 
83 0.485 
157. 7 0. 389 
194. 8 0. 325 
229. 0 0.278 
236.0 0.0912 
252. 5 0. 0975 
273 0. 104 
323.6 0. 125 
86 0. 397 
196 0. 341 
86 0.289 
X96 0. 264 
290 1.45 3 
273 1.40 lOA 
273 1.43 lOA 
273 1. 32 lOA 
90.20 1. 83 10 
194.70 1. 36 
273 1. 37 
TABLE I (Continued) 




Same, different specimen 
99. 95 Mo, from Johnson Matthey, 
read from graph 
Nickel 
99 Ni, d = 8. 80, P (22. 1) = 13. 07, 
l e s s than 1% impuri ty 
97. 0 Ni, 1.4 Co, 0. 1 Cu, 0 .4 
F e , 1.0 Mn, 0. 1 Si 
90. 20 1. 80 
194.70 1. 38 
273 1. 38 
2 0. 30 
22 2.95 
103 (0. 535) 
113 0. 540 
123 0.544 
148 0. 552 
173 0. 561 
198 0. 569 
223 0.573 
248 0. 581 
273 0. 586 
291 0. 586 




Driver H a r r i s Grade A Ni 
Driver H a r r i s , R-12 
Cold drawn rod, 99. 23 Ni, 0. 01 
Co, 0 .06CU, 0.12 c , 0. 2 7 F e , 
0. 23 Mn, 0. 06 Si, 0. 07 S, 
accuracy = 1%5 k/Cp = 1. 3269 
+ 0. 0012 g m / c m - s e c 
83 1. 11 7 
273 0. 840 
ca 273 0. 615 58 
ca 273 0. 703 58 
ca 298 0.572 41 
64 
TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T'-K k Ref. 
Nickel (Continued) 
9 9 . 2 5 N i , 0.01 Co, 0. 07 Cu, 282 0.589 42 
0. 14 C, 0. l l F e , 0. 26Mn, 0.07 
Si, 0. 06 Sj e r r o r ca 0. 06%; 
k/C = 1. 3643 -I- 0. 0009 g m / c m - s e c 
IT 
99. 98 Ni, d = 8. 79, t he rma l 298 0. 618 25 
diffusivity = 0. 15885 cm / s e c 
Fi lament of "A« Ni wire , 14. 86 90 0. 74 40 
by 0. 00423 cm, accuracy ca 5% 
9 9 . 4 N i , as forged, Br inel l 15.12 0.180 12 
ha rdness = 107 
 74 
95 0. 71 
. 1  180 
18. 15 0.221 
21.50 0.274 
77. 1 0.610 
93.1 0.661 
99.48 Ni, 0 . 0 6 C , 0. 22 Mn, 273 0.728 59 
0. 02 Si, 0. 005 S, 0. 05 Cu, 0. 14 Fe 
99. 997 Ni, annealed, from Johnson 2 0. 50 65 
Matthey, read from graph 18 3.40 
26 3. 95 
Palladium 
P u r e 291 0. 704 
Commerc i a l 290 0.423 
P u r e 290 0.602 
TABLE I (Continued) 
The rma l Conductivities of P u r e Metals 
65 
T°K Ref. 
Pal ladium (Continued) 
Very pu re , drawn,, untempered, 




Same, avg of 2 values 
Tempered 2 hr at 360° C, Po = 
9, 77 X 10" ohm-cm 
Moderately pure , untempered, 
avg of 2 values , 9o = 9 . 955 x 
10" ohm-cm 
99. 995 Pd, annealed wire , from 
Johnson Matthey, read from 
graph 
Plat inum 
79.41 0. 786 
91.4 0. 736 
21. 7 4. 08 
80. 7 0. 782 
21. 8 1. 76 
79.9 0.749 
91.2 0. 707 
2 0.20 
22. 5 1.45 
30. 5 1.25 
65 
Very pure 
P u r e 
Polycrys ta l , very pure , 
annealed 
P u r e , polycrys ta l , annealed 
99.95 P t 
20. 4 3.89 1 
90 0. 761 
273 0. 699 
2$ I 0.696 1 
290 0. 690 3 
21 3.69 5 
83 0. 778 
21 2.96 5 
292. 7 0.699 7 
TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
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T°K k Ref. 
Plat inum (Continued) 
99. 999 Pt , annealed wire , from 













330. 8 0.908 
d = 12. 50 
Fa i r ly pure , rol led te t ragonal 
wire , annealed 10 min at 1030° C 
in vacuum 
99. 995 Rh, wire , from Johnson 
Matthey, read from graph 
290 0. 878 
373 0. 803 
21 23.8 






99. 9 Ag, turned from fine 
Ag, d = 10.47, ^ (21. 0) = 1. 675 
103 (4.17) 
113 4. 17 




223 4. 17 
248 4. 17 




TABLE I (Continued) 
The rma l Conductivities of P u r e Metals 
T°K k Ref. 
Silver (Continued) 
99. 98 Ag 291 4 .21 1 
273 4, 58 1 
P u r e , drawn, t empered 2 hr at 21. 3 9. 50 7 
350° C, avg of 2 values , p^ = 79.4 4. 39 
1. 50 X 10"° ohm-cm 91. 0 4. 31 
P u r e , single c rys t a l s , deformable. 78.6 4 .27 7 
^o = 1. 50 X 10-^ ohm-cm 90.8 4. 12 
Tempered 2 hr at 350° C, 9o = 79.8 4 .27 7 
1.49 X 10"^ ohm-cm 80. 0 




Commerc ia l ly pure e lec t ro ly t ic , 273 4. 10 
1 
lOA 
0. 05286 X 17. 63 cm rod 
Drawn fromi spectrographical ly 273 4. 03 lOA 
pure specimen, 0.05059 x 17.47 cm 







Same, after prolonged annealing 90. 16 4 .25 10 




99. 99 Ag, polycrys ta l wire , from 3 2 65 
Johnson Matthey, read fromi 17 6 




TABLE I (Continued) 




99. 999+ Ag, 2 mm dia rod, read 
from graph 
Same, annealed at 650° C, grain 
dia ca 0. 1 mm, read from graph 
Same, drawn to 1.16 mm dia, 
read from graph 
Same, annealed at 650° C, read 
from graph 
2 0. 1 
26 2.9 









45 5. 8 
77 4.2 
140 4. 1 
2 17 









33 1. 69 
73 1. 58 
98 1. 51 
123 1.42 
148 1. 36 
173 1. 28 
198 1. 21 
223 1. 17 
273 1.40 
293 1.25 
TABLE I (Continued) 




T r a c e s of Ca and Al between 
0. 01 and 0. \%, cast in 
vacuum in soft g lass tubes, 
read from graph; for T l e s s 
than 15° K, 
1/k = 0. 42 /T -I- 3. 8 X lO-^(T^) 
With a very faint t r ace of Ag, 
read from graph; for T l e s s 
than 15° K, 
l /k=:0 . 06 /T + 3. 8 X 1 0 - ^ ( T 2 ) 
4.0 9.7 
8. 5 14. 2 
20 5. 5 
38 1. 85 
50 1.45 
99 1. 30 
6.0 31. 0 
14. 0 11. 5 
23. 0 2. 35 
38 1.85 
50 1.45 




d - 16.67 
Drawn wire , 99. 9 Ta, aged 
2750 hr at 1800 and 2000°K 
99. 98 Ta, from Johnson Matthey, 
read from graph 
90 0. 544 3 
73 0. 36 + 
0. 04 
20 
2 0. 09 65 
13 0. 50 
21 0.62 
Tellurium 
Les s than 0. 01% impur i t i es , 
single c rys ta l , pa ra l l e l to axis 
Po lyc rys ta l , from var ious 
sources 
90 0. 022 - 0. 31 
298 0. 017- 0. 019 
90 0. 022 - 0. 026 
298 0. 010 - 0. 016 
TABLE I (Continued) 












. . . I » 
P u r e , cast , "Kahlbaum", 
d = 7. 28, C (13. 3) = 10. 75 
Not very pure 
Titanium 
Commerc ia l ly pure , e r r o r ca 
5%, except at 20° K where it 
is l e s s than 10% 
103 0. 816 
113 0. 803 
123 0. 791 
148 0. 761 
173 0. 736 
198 0. 720 
223 0. 703 
248 0.686 
273 0. 669 
291 0. 657 
273 0. 639 
288 0.632 
288 0. 605 
291 0. 640 
273 0.659 
2Q 0. 12 
80 0. 17 
90 0. 18 





TABLE I (Continued) 




2. 8 Cr , 1 F e , e r r o r ca 5% 
99. 9 Ti, from Associated E lec t r i ca l 
Indus t r ies , l inear in range 
shown, read from graph 
Same, annealed, read from graph 
80 0. 06 
195 0. 10 
273 0. 13 
2 0. 01 
23 0. 07 
2 0.018 






Single c rys ta l , very pure , 
gas phase separa ted 
Single c rys ta l , impure 
0. 001 Co, 0. 001 Cr , 0. 001 In, 
0. 001 Os, 0.001 Ft , 0. 01 Si, 
0. 001 Sn, 0, 01 Ta, 0. 01 V, 
t r ace Sc, te t ragonal c rys ta l 
Same, hexagonal c rys t a l 
273 1.60 1 
290 1.99 3 
21 34. 3 5 
83 2. 32 
21 1.80 5 
83 1.83 
90, 16 1.93 10 
194. 66 1.69 
273. 16 1.67 
373. 16 1.63 
90. 16 2. 14 10 
194. 66 1. 78 
273. 16 1.69 
373. 16 1.63 
TABLE I (Continued) 




Wire, 0. 00635 cm rad ius , 
uncertainty ca 10% 
Fi lament heated at 2000°K, 
then at 2400 and 2800° K 
(These data repor ted to 
600°K) 
Single c rys ta l , very pure 
78 2. 26 
194 1. 60 
273 1. 88 
15. 5 23. 8 
17. 1 22. 7 
18.6 20.4 
21.8 18.2 
240 1. 729 
244. 1 1. 720 








15. 33 84. 7 
15.59 82.0 
15. 75 81. 3 
16.68 70.9 
16. 69 74.6 
17.24 68. 5 
17. 27 67.6 
17.69 66.2 
17.85 65.8 
19. 03 59.5 
19.20 57. 8 





TABLE I (Continued) 




Single c rys t a l , ve ry pure (Continued) 
Wire, highest pur i ty available, 
aged 370 hr at 2400 to 
ZbOO'̂ C 
Same, aged at 2300°C 
99.99 W, annealed, from 
Johnson Matthey, read 
from graph 
Uranium 
20. 17 51.8 



































TABLE I (Continued) 




Normal , uncer ta in puri ty, 
accuracy ca 5%, read 
from graph 
22 0. 125 







P u r e , cas t , redis t i l led , 
d = 7. 10, f - 6.34 X 10-6 






















P u r e 
Very pure , fused in quar tz 
in vacuum, solidified in water 
Single c rys ta l , 0.005 F e , 0.0018 
























TABLE I (Continued) 
Th-ernnial Conductivities of P u r e Metals 
T^'K k Ref. 
Zinc (Continued) 
Single c rys t a l s • 
Po lyc rys ta l , 0.005 F e , 0.0018 Cd, 
0.0002 other impur i t i es , open 
a i r fused 
Same, fused in vacuum 
Polycrys ta l , very pure 
Single c rys ta l , pu re , undeforraed, 
pa ra l l e l to hexagonal axis 











223 1. 12 





223 1. 18 
273 1. 13 












TABLE I (Continued) 
Thermal Conductivities of P u r e Metals 
T°K k Ref. 
Zinc (Continued) 
99. 997 Zn (by difference), 0.003 273 1.08 43 
Fe , k /Cp = 2. 832 j - 0. 004 
(gm-cm-sec ) "^, e r r o r ca 0. 13% 
99. 99.95 Zn, polycrys ta l , Hilger 3 6. 8 65 
H. S. brand, read from graph 10 15 
22 6 
Zirconium 
ca 98 Zr , annealed, from 2. 5 0. 03 65 
Johnson Matthey, read 
from graph 
15 0. 18 
27 0. 28 
T A B L E II 
T h e r m a l C o n d u c t i v i t i e s of N o n - F e r r o u s A l loys 
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T^'K Ref. 
A l u m i n u m Al loys 
A l u m i n u m - C o p p e r 
CMU c a s t i n g , 8 Cu, avg 
of 2 v a l u e s 
15 Cu, ch i l l c a s t i n g 
3-5 Cu, 0 . 5 Mg, p r e s s e d 
and t e m p e r e d 
D u r a l u m i n u m , a s s t a m p e d , 
4 . 10 Cu, 0 . 5 7 Mg, 0 . 4 2 F e , 
9 4 . 0 Al 
A l u m i n u m - Magne s l u m 
8 Mg 
S a m e , t h e r m a l l y t r e a t e d 
12 Mg 
14 Mg, t h e r r a a l l y t r e a t e d 
A l u m i n u m - S i l i c on 








15. 83 0.240 
17. 04 0.263 
17. 91 0.272 
19. 79 0.294 
20. 61 0.302 
75. 7 0.909 
84. 1 0.971 












T A B L E II (Continued) 
T h e r m a l C o n d u c t i v i t i e s of Non - F e r r o u s A l l o y s 
T ° K k Ref. 
A l u m i n u m Al loys (Cont inued) 
A l u m i n u m - Coppe r - N i c k e l 
ca 4 Cu, 2 Ni, 1. 5 Mg, 87 1. 12 8 
« Y - a l l o y " 273 1.62 





B i s m u t h A l l o y s 
B i s m» u t h - Ant i mi o ny 
C a s t : %Bi %Sb 83°K 196°K 273°K 2 
100 0 0. 261 0. 108 0. 102 
91 9 0 .0669 0 . 0 6 0 2 0 . 0 6 5 7 
89 11 0. 0506 0 . 0 4 4 8 0. 0548 
87 13 0 .0552 0. 0515 0 . 0 6 3 2 
80 20 0 . 0 5 6 1 0. 0531 0. 0636 
50 50 0. 0732 0 . 0 7 4 5 0. 0820 
aO 70 0 .0862 0 . 0 8 8 3 0. 0979 
0 100 0 . 4 4 3 0. 263 0. 225 
P r e s s e d p o w d e r , d = ca l^t l e s s t han c a s t 2 
%Bi %Sh 83° K 196°K 273°K 
100 0 0 . 2 0 8 - 0 . 0 8 1 2 
95 5 0. 0581 - 0. 0598 
93 7 - - 0 . 0 4 8 5 
89 11 0. 160 - 0. 0904 
87 13 0. 0933 - 0, 0878 
0 100 - 0. 137 0. 121 
B i s m u t h - L e a d - T i n 






0 . 0 4 1 8 






TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
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T°K Ref. 
Bismuth Alloys (Continued) 
Bismuth-Lead-Tin-Cadmium (Lipowitz alloy) 
ca 50 Bi, 25 Pb, 14 Sn, 11 Cd 
d = 9.66, f (19. 6) = 4 7 . 5 , 
melting point = 65°C 
103 (0. 176) 
113 0. 176 
123 0. 176 
148 0. 176 
173 0. 176 
198 0, 180 
223 0. 180 
248 0. 184 
273 0. 184 
291 0. 184 
26 
Same, Wood's alloy 
ca 50 Bi, 25 Pb, 12. 5 Sn, 12. 5 Cd 280 0. 133 
Cadmium Alloys 
C adm ium - Antim ony 
%Cd %Sb 83°K 194°K 273°K 
100 0 1. 23 1. 02 1. 02 
66. 7 33. 3 0. 140 0. 118 0. 112 
50 50 0. 0530 0. 0265 0. 0217 
48. 3 51. 7 0. 0369 0. 0205 0. 0132 
33. 3 66. 7 0. 0250 0.0165 0. 0125 
0 100 0. 248 0. 186 0. 159 
Copper Alloys 
Copper-Gold 
95. 3 Au, 4. 7 Cu, polycrysi tal, 21. 8 0. 306 
untempered, avg of 2 value s. 79. 6 0. 820 
(f = 3.93 91.4 0. 891 
a 
TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
80 
T°K Ref. 
Copper Alloys (Continued) 
Copper-Gold (Continued) 
9. 0 Cu, 91. 0 Au, polycrys ta l , 
untempered, ^ = 5. 94 
26. 4 Cu, 73. 6 Au, polycrys ta l , 
untempered 
22.4 0. 159 
79. 5 0.456 
91. 3 0.506 
79. 6 0. 228 
91. 5 0. 258 
Saine, t empered ca 4 hr at 
365°C, (? = 10. 9 
22. 2 0. 841 8 
49. 9 Cu, 50. 1 Au, polycrys ta l , 
quenched from 800° C, ^ = 13.2 
85. 9 0. 193 
Same, t empered ca 22 hr at 
360° C, P = 3.97 
85. 1 1.28 
Same, t empered 30 hr more at 
345° C, P = 4 .48 
Same, t empered 3 hr m o r e at 
325°C, P = 4. 07 
Same, held 2 hr at 800° C, then 
quenched 
Same, supposedly t empered by 
dip brazing, be t te r o rde red 
Same, o rde red a t 320-330° C, 






















T A B L E II (Cont inued) 
T h e r m a l C o n d u c t i v i t i e s of N o n - F e r r o u s A l l o y s 
T ° K k Ref. 
C o p p e r A l l o y s (Cont inued) 
C o p p e r - G o l d (Cont inued 
75 Cu, 25 Au, p o l y c r y s t a l , 80. 9 0. 33_2 a 
quenched f r o m 800° C 9 0 . 8 0.355^ 
S a m e , t e m p e r e d 20 h r a t ca 8 7 . 4 0. 627 8 
4 0 0 ° C 
S a m e , t e m p e r e d 30 h r m o r e a t 79. 8 0. 619 8 
360°C , P = 5 .42 9 1 . 7 0 . 6 6 1 
S a m e , t e m p e r e d 2 h r m o r e a t 22 . 5 0. 0966 8 
820° C, ^ = 11 . 5 80. 1 0. ZZ6_ 
9 1 . 6 0. 24_8 
S a m e , o r d e r e d 30 h r a t 320- 2 1 , 7 0. 24j^ 8 
330°C 8 0 , 5 0.586" 
90. 3 Cu, 9. 7 Au, p o l y c r y s t a l , 22. 1 0. 146 8 
u n t e m p e r e d , (P = 6 . 4 5 8 0 . 2 0.40jL^ 
92.7 0.448 
95. 5 Cu, 4 . 5 Au, p o l y c r y s t a l , 2 1 . 7 0-^46^ 8 
u n t e m p e r e d , f = 3. 83 79. 5 0. 686 
9 1 . 0 0 . 8 4 1 
C o p p e r - M a n g a n e s e 
M a n g a n i n 291 0 . 2 1 7 2 
70 Cu, 30 Mn, t e c h n i c a l a l l oy , 80 0. 0607 8 
r e m e l t e d in e l e c t r i c f u r n a c e , 273 0. 0904 
48 g r a i n s p e r c m 
TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
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T°K Ref. 
Copper Alloys (Continued) 
Copper-Manganese (Continued) 
Same, 112 grains per cm 
70 Cu, 30 Mn, reguline bloom, 
ca 200 gra ins per cm 
Same, ca 500 gra ins pe r cm 
Copper-Nickel 
60 Cu, 40 Ni, constantan 
54 Cu, 46 Ni, d = 8. 89 
99 Cu, 1 Ni, drawn rod 
90 Cu, 10 Ni, annealed, 
1/8- in o. d. 
Same, cold worked, rolled 
from 0. 25-in to 0. l 4 - in dia 
before machining to size 
80 0. 0858 3 
273 0. 125 
80 0.0661 8 
273 0. 120 
80 0. 0849 8 
273 0. 136 
291 0.268 2 
291 0. 202 2 
21 0. 619 6 
83 1. 93 
3. 33 0.00796 11 
4. 21 0. 0120 
14. 1 0. 0964 
16. 7 0. 123 
19. 7 0. 157 
64. 0 0. 388 
78. 0 0. 378 
3. 03 0.00580 11 
3. 61 0.00734 
4. 21 0.00917 
4. 40 0. 0103 
14. 07 0. 0601 
17. 0 0. 0825 
19. 7 0. 104 
71. 3 0. 343 
76. 2 0. 358 
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TABLE II (Continued) 
Theriricil Conductivities of Non-Fe r rous Alloys 
T°K k Ref. 
Copper Alloys (Continued) 
Copper-Nickel (Continued) 
Same, severely cold worked, 3.63 0.00735 11 
rolled from 0. 5-in square c r o s s 
section to 0. 22-in by 0. 24-in 
before machining 
90 Cu, 10 Ni, single c rys ta l , 3.45 0.00980 11 
l / 8 - i n o. d. , made by remel t ing 
a piece of the sarae; forged bar 
as used for the above samples in 
a graphite furnace in vacuum and 
cooling slowly 
80 Cu, 20 Ni, tube 5 mm o. d. by 1.89 0.00281 14 
3 mm i. d. , irom Johnson Matthey, 
avg grain size 0. Oil mm in each 
direct ion 
00  
4. 20 0. 00892 
4. 72 0. 0108 
14. 1 0.0587 
17. 2 0.0786 
19.4 0. 0986 
64.0 0. 326 
70. 6 0. 333 
78. 7 0. 348 
 0980 
4.80 0. 0173 
14.2 0. 1036 
17. 0 0. 135 
20. 5 0. 170 
64. 5 0. 350 
73. 0 0. 361 
79. 3 0. 357 
 89 0
2.40 0. 00372 
2. 86 0. 00485 
3. 02 0. 00549 
3. 38 0. 00590 
3.60 0. 00677 
3. 88 0. 00725 
4. 05 0.00784 
4. 23 0. 00841 
4.45 0.00908 
16. 3 0. 0799 
21.9 0. 127 
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TABLE II (Continued) 
ThermaLl Conductivities of Non-Fe r rous Alloys 
T°K k Ref. 
Copper Alloys (Continued) 
Copper-Nickel (Continued) 
70 Cu, 30 Ni, 4. 1 mm o. d. by 10 0. 0209 15  0209 
15 0. 0356 
20 0.0502 
0. 8 mm wall th ickness , from 
Yorkshi re Copper Works, Ltd. 
Also: k = a + bT, from ca 5 to 25° K 
where a = -2 . 0, b = 0. 7, units a re mi l l i ca l / ( cm-sec -deg) 
70 Cu, 30 Ni 366 0. 297 57 
Constantan, 60 Cu, 40 Ni, 
specimen was 317 enameled 36 
gauge wi res in para l le l , read 
from graph 
Constantan, 55 Cu, 45 Ni, pure 
electrolyt ic me ta l s , remel ted , 
rolled from rod, deformed 
Same, homogenized at glowing 
heat for severa l days, r e c r y s t a l -
lized by rolling on edge, 51 grain 
boundaries per cm 
Same, 68 grain boundaries pe r cm 
3. 5 0. 005 72 
7. 5 0. 020 
12 0. 050 
25 0. 100 
60 0. 185 
100 0. 19 
80 0. 195 6, 8 
273 0.240 
80 0.203 6, 8 
273 0.237 
Same, sanie t r ea tment then 
annealed 1.5 hr at 650° C, 
475 boundaries pe r cm 
80 0. 199 6, 8 
273 0. 230 
80 0. 213 6, 8 
273 0. 253 
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TABLE II (Continued) 
Thermcil Conductivities of Non-Fe r rous Alloys 
T°K k Ref. 
Copper Alloys (Continued) 
Copper-Nickel (Continued) 
Same, 628 grain boundaries 80 0. 205 6, 8 
per cm 273 0. 253 
55 Cu, 45 Ni, (Advance) ca 273 0. 228 58 





%Ni %Mn %Fe 
100 (e] ectrolytic) 78 0. 996 31 
95. 35 0. 26 0. 03 78 0.464 
90.98 0. 13 0. 04 78 0. 333 
86. 14 0. 10 0. 05 78 0.269 
78.20 0. 05 0. 05 78 0.213 
69. 56 0. 05 0. 03 78 0. 182 
59. 35 0.04 0. 07 78 0. 150 
49. 75 0. 05 0. 03 78 0. 161 
39.84 0.02 0. 04 78 0. 178 
29.89 0. 03 0. 03 78 0. 201 
19. 83 0. 04 0. 02 78 0.234 
13. 84 t r ace 0.11 78 0.280 
9.47 0. 14 78 0. 351 
3.67 0.09 78 0.0703 
1. 03 0. 03 78 0. 175 
Electrolyt ic copper 78 5.51 
Monel, 28 Cu, 70 Ni, 2 Fe ca 273 0. 348 58 
Monel meta l , 30. 2 Cu, 67 Ni, 15. 17 0. 0444 12 















TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
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A T ° K T°K k Ref. 
Copper Alloys (Continued) 
Copper-Nickel (Continued) 
Monel tubing, 0. 112 4 . 2 0.00526 11 
commerc ia l 12. 2 63. 3 0. 137 
hard drawn, 0. 125-in 11.45 77. 3 0. 146 
o. d. by 0. 006-in wall 10.9 77. 3 0. 153 
thickness 
Same specimen, different 0. 178 4. 2 0. 00533 11 
r u n 0. 377 14. 0 0.0264 
0.492 20.4 0. 0412 
3. 57 73. 7 0. 138 
3, 71 77.0 0. 125 
2.29 77.0 0. 141 
Monel tubing, annealed 0. 077 2. 55 0.00396 11 
0. 125-in o. d. by 0. 0105- 0. 16 4 .25 0. 00911 
in wall thickness 0.45 14. 0 0. 0464 
0. 37 20. 5 0. 0745 
1. 28 54. 0 0. 140 
1. 80 63. 0 0. 144 
3. 00 63. 7 0. 147 
2. 77 68 .4 0. 164 
2. 71 77. 0 0. 168 
Monel rod, hard drawn, 0.0654 2 . 6 0. 00216 11 
0. 125-in o.d. 0.0510 2. 7 0.00218 
0. 14 4. 2 0. 0045 
0. 16 10. 1 0. 0131 
0. 70 20 .4 0.0406 
0.44 20.6 0. 0428 
1. 7 51.6 0. 0855 
2. 8 59. 0 0. 112 
2. 7 63. 3 0. I l l 
2. 3 75. 5 0. 128 
2. 15 77.0 0. 148 
87 
TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
T°K k Ref. 
Copper Alloys (Continued) 
Copper-Pal ladium 
93. 6 Cu, 6 . 4 P d , polycrysta l , 
untempered, ^ = 6. 82 
55 Cu, 45 Pd, annealed, 
^ = 5. 32 
Same, annealed in vacuum 2 hr , 
quenched, P = 36 .4 
Same, o rde red 30 hr at 320-
330°C, f> = 5. 25 
49. 9 Cu, 50. 1 Pd, annealed, 
(0 = 36.8 
14. 5 Cu, 85. 5 Pd, polycrysta l , 
untempered, (P = 28. 05 
C opp e r - Sil ve r 
97 Cu, 3 Ag, untempered 
Same, t empered 3 hr at 390° C 
22, 2 0. 130 8 
80. 0 0.431 
80. 1 0.657 8 
86.6 . 682 
21. 5 0. 0690 8 
80.4 0. 0996 
92. 0 0. 103 
21.8 0.265 8 
80.2 ,623 
21.6 0. 0724 8 
82. 8 0. 105 
21. 8 0.0384 8 
80. 3 0. 128 
91. 31 0. 134 
21 3. 57 6 
83 3. 57 
23 6. 19 6 
83 4. 06 
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TABLE II (Continued) 
Thermcil Conductivities of Non-Fe r rous Alloys 
T °K k Ref. 
Copper Alloys (Continued) 
Copper-Zinc 
%Cu %Zn Mic ros t ruc tu re 78°K 273°K 
100 (e] .ectrolytic) 5. 505 3. 97 32 
95.48 4 .54 1. 28 2. 19 
92. 82 7. 18 1. 05 1.87 
86. 87 13.13 0. 807 1.60 
82.58 17.42 0. 7137 1.48 
79. 73 20. 27 0. 6886 1.44 
75.44 24. 56 0. 6225 1. 34 
70. 00 30. 00 0. 5304 1. 21 
64. 05 35. 95 0. 5099 1. 14 
62. 30 37. 70 0. 5480 1. 19 
59.93 40.07 0. 6463 1. 28 
55.62 44. 38 0. 887 1.41 
51. 09 48. 91 1. 47 1.6J^ 
Red b r a s s , 82 Cu, 18 Zn, fine 90 0.669 4 
gra ins , c r o s s sect ional a r e a = 273 1.25 
0. 006 s q cm 
Same, '. large g ra ins , c ro s s sectional 90 0.648 4 
a rea = i 0. 11 sq cm 273 1. 30 
ca 70 C u, 30 Zn, d = 8. 44, 103 (0. 732) 26 


















TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
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T°K Ref. 
Copper Alloys (Continued) 
Copper-Manganese-Nickel 
ca 84 Cu, 12 Mn, 4 Ni, 
d = 8.42, P (17. 7) = 
44. 6 ohm/cm ( x 10"^) 
Manganine 
Copper-Nickel - Zinc 
63 Cu, 20 Ni, 17 Zn, from 
M e s s r s . Henry Righton, 10 mm 
o. d. by 0. 1 mm wall th ickness ; 
Also: k =: a + bT, from ca 5 to 25°K, 
where a = -4 . 9;. b = 1. 1, units a r e mi l l i ca l / ( cm-sec -deg) 
103 (0. 142) 
113 0. 146 
123 0. 146 
148 0. 155 
173 0. 163 
198 0. 172 
223 0. 180 
248 0. 192 
273 0. 209 
291 0. 218 
10 0. 026 
15 0. 0485 
20 0. 071 
26 
15 
"Neus i lber" , 64 Cu, 16 Ni, 
20 Zn 
German s i lver , ca 62 Cu, 
15 Ni, 22 Zn, d = 8.42, 
6 (21.2) = 39.9 , see 
"Plat inoid" below 
3. 0 0. 009 
5. 0 0. 018 
10. 0 0. 058 
15. 0 0. 103 
20. 0 0. 145 
103 (0. 176) 
113 0. 180 
123 0. 184 
148 0. 188 
173 0. 197 







T A B L E II (Cont inued) 
T h e r m a l C o n d u c t i v i t i e s of N o n - F e r r o u s A l loys 
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T ° K Ref. 
C o p p e r A l loys (Continued) 
C o p p e r - N i c k e l - Z i n c (Cont inued) 
" P l a t i n o i d " , ca 62 Cu, 
15 Ni, 22 Zn, d = 8. 66, 
f (21 .2) = 3 4 . 4 , s ee 
G e r m a n s i l v e r above 
G e r m a n s i l v e r , 47 Cu, 9 Ni, 
41 Zn, 2 P b , m e a n g r a i n d ia = 
ca 0. 02 m m , r e a d f rom g r a p h 
"S i lbe rb ronze ' ^ j 46 Cu, 
13 Ni , 41 Zn 
103 (0. 163) 
113 0. 167 
123 0. 172 
148 0. 180 
173 0. 188 
198 0. 201 
223 0. 213 
248 0. 230 
273 0. 243 
291 0. 251 
2 0. 003 
5 0. 010 
16 0. 050 
30 0. 10 
60 0. 17 
100 0. 18 
5. 0 0. 0105 
10. 0 0. 0250 
15. 0 0. 048 




Gold Al loys 
Go 1 d - P a 11a d ium 
9 1 . 1 Au, 8. 9 P d , t e m p e r e d 2 h r 
a t 800°C , 6* = 5 . 4 4 
83 . 0 Au, 17. 0 P d , t e m p e r e d 
2 h r a t 800° C, f = 9. 10 
21.8 0. 232 
82. 9 0. 548 
21. 9 0. 148 
83. 0 0. 309 
a 
'^:-
TABLE II (Continued) 
Thernnal Conductivities of Non-Fe r rous Alloys 
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T°K Ref. 
Gold Alloys (Continued) 
Gold-Palladium (Continued) 
45. 0 Au, 55. 0 Pd, t empered 
2 h r at 800° C, P = 27. 1 
Gold-Silver 
75 Au, 25 Ag, single c rys ta l , 
{? = 8 . 6 9 
50 Au, 50 Ag, single c rys ta l , 
P = 10. 8 
25 Au, 75 Ag, single c rys ta l , 
p = 8. 57 
0. 37 Au, 99. 63 Ag, f = 1. 63 
22. 1 0. 054^ 
80.2 0. 115 
91. 5 0. 129 
22. 2 0. 159 
80. 5 0. 129 
91. 6 0. 339 
22. 0 0. 123 
79. 3 0.238 
91. 2 0. 262 
22. 5 0. 140 
80.2 0. 303 
92.0 0. 334 
22. 2 2.94 
82. 5 3.49 




99 atom % Pb 14. 8 0. 149 
16. 1 0. 158 
17, 9 0. 160 
20.4 0. 165 
81 0.263 
18 
TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
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T°K Ref. 
Lead Alloys (Continued) 
Lead-Indium (Continued) 
50 atom % Pb 
8. 6 atom % Pb 
Lead-Tin 
56 Pb , 44 Sn 
Lead - Thallium 
34 Pb, 66 Tl, la rge g ra ins , 
slowly cooled 
Same, rapidly cooled, fine 
gra ins 
14. 9 0.0242 
16. 3 0. 0267 
18. 0 0. 0293 
20.4 0. 0326 
69 0. 0813 
83 0. 0980 
278 0. 202 
14. 9 0. 0602 
16. 3 0. 0676 
18. 1 0. 0725 
20. 1 0. 0775 
22. 7 0.0855 
27 0. 101 
70 0. 216 
81 0.248 
174 0. 388 
14. 7 0.249 
17. 1 0. 276 
18. 9 0. 287 
20. 8 0. 294 
66 0. 377 
70 0.483 
83 0. 127 
273 0.219 
83 0. 143 





TABLE II (Continued) 




Magne sium -Aluminum 
94 Mg, 6 Al 
92 Mg, 8 Al 
88 Mg, 12 Al 
Magnesium-Cadmium 
92 Mg, 8 Cd, chill casting 
Magnesium -Cer ium 
92 Mg, 8 Ce, chill casting 
88 Mg, 12 Ce, chill casting 
Magne s ium-Copper 
92 Mg, 8 Cu, chill casting 
85 Mg, 15 Cu, chill casting 
87 0.602 6, 8 
273 0. 799 
87 0.418 6, 8 
273 0. 648 
87 0. 335 6, 8 
273 0. 586 
87 0. 130 6, 8 
273 0. 141 
87 1. 06 6, 8 
273 1.25 
87 0. 807 6, 8 
273 1. 03 
87 0. 878 6, 8 
273 1.25 
87 1. 51 8 
273 1. 54 
97.6 Mg, 2.4 Cu, annealed 
in vacuum 







TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
T°K k Ref. 
Magnesium Alloys (Continued) 
Magne sium-Mangane se 
99. 5 Mg, 0. 5 Mn, chill casting 87 1. 34 6, 8 
99. 2 Mg, 0. 8 Mn, chill casting 87 1. Z2 6, 8 
273 1.58 
98 Mg, 2. 0 Mn, chill casting 87 0.674 6, 8 
273 1.18 
96.46 Mg, 3. 54 Mn, chill casting 87 0.565 6, 8 
Magnesium-Sil icon 
99. 3 Mg, 0. 7 Si, chill casting 87 1.10 6, 8 
98. 5 Mg, 1.5 Si, chill casting 87 0.950 6, 8 
Magne sium - Zinc 
97. 9 Mg, 2. 1 Zn 
93. 9 Mg, 6. 1 Zn 
95. 5 Mg, 4. 0 Zn, 0. 5 Cu, 
"Elektron" 













299. 0 1. 25 
298. 7 1. 09 
298. 8 1. 14 
 887 
273 1. 19 
TABLE II (Continued) 
Therm£Ll Conductivities of Non-Fe r rous Alloys 
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T°K Ref. 
Magnesium Alloys (Continued) 
Magne sium - Alum inum - Silicon 
6 Al, 2 Si 
8 Al, 2 Si 
10 Al, 2 Si 
12 Al, 2 Si 
Magnesium-Copper-Si l icon 
20 Cu, 3 Si 
87 0.481 6, 8 
273 0.686 
87 0. 376 6, 8 
273 0.607 
87 0.289 6, 8 
273 0. 552 
87 0.276 6, 8 
273 0. 535 
87 0. 891 8 
273 1. 08 
Nickel Alloys 
Nickel-Chromium 
80 Ni, 20 Cr, Nichrome IV 
80 Ni, 20 Cr 
76. 98 Ni, bal Cr , Nichrome, 
forged 
Inconel tubing, hard 
drawn, 0. 125-in by 
0. 0105-in walls 























0. 150 58 
0. 131 8 












TABLE II (Continued) 
Thermal Conductivities of Non--Fe r rous Alloys 
A T ° K T°K k Ref. 
Nickel Alloys (Continued) 
Nickel-Chromium (Continued) 
Inconel tubing, annealed, 0. 078 2. 55 0. 00200 11 
0. 126-in by 0. 0105-in 0.19 4. 25 0, 00483 
walls 0.51 14. 0 0. 0270 
0.48 20. 5 0. 0407 
0. 73 20. 5 0. 0415 
0.80 22. 1 0. 0470 
2. 3 54. 0 0. 0963 
3 .2 63. 3 0. 100 
5 . 0 63. 7 0. 104 
3. 1 68.4 0. 0966 
4. 7 77.0 0. 110 
Inconel rod, hot rolled, 0. 06 2. 59 0.00196 11 
l / 8 - i n o. d. 0. 16 4. 25 0. 00489 
0.48 14. 0 0. 0277 
2 . 4 58. 0 0.091 
4. 1 63. 0 0, 0935 
2. 3 63. 3 0. 0935 
4 . 0 63. 3 0. 0962 
4. 0 70.6 0. 0965 
3 .8 76. 2 0. 100 
Same, different run 0. 045 2.57 0.00213 
0. 20 4. 25 0.00517 
0. 13 4. 25 0.00493 
0. 20 10. 1 0. 0168 
0.46 14. 0 0. 0297 
2 . 2 58. 7 0. 0997 
2. 2 59. 2 0. 0997 
2. 0 77. 8 0. 107 
TABLE II (Continued) 
Thermal Conductivities of Non-Fe r rous Alloys 
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AT°K T°K Ref. 
Nickel Alloys (Continued) 
Nickel-Chromium -Iron 
Chroman B2Mo, 61.4 Ni, 0.56 
18. 5 C r , 1 4 . 5 F e , 3 Mn, 6.43 
2 Mo, 0. 6 Si, softened 3. 05 
sheet, 0. 1 mm thick 
3.9 0. 0026 
70 0. 046 
88 0. 12 
60 
Nichrome, 62 Ni, 12 Cr , 
26 Fe 
ca 273 0. 136 58 
Nickel-Chromiium-Iron-Molybdenum 
60 Ni, 15 Cr , 16 Fe , 7 Mo, 
"Contracid^* 
3.0 0. 00150 
5. 0 0. 0030 
10.0 0. 0060 
15. 0 0.0120 




91. 17 Ti, 4. 7 Mn, 3. 99 Al, 
0. 14 C, Titanium alloy RC-
130-B made by Rem Cru 
Titanium, Inc. , read fromi 
graph 
18 0. 0142 
24 0. 0201 
42 0, 0293 
73 0. 0418 
120 0. 0544 
160 0. 0627 
210 0. 0669 
250 0.0753 




Thermal Conductivities of F e r r o u s Alloys 
T°K k Ref. 
Aluminum Steel 
4. 11 Al, 0 . 0 3 C , 0.13 Si, 0. 006 S, 14.97 0.0218 12 
0. 017 P , 0. 08 Mn, heated to 
800° C, cooled in furnace 
Carbon Steel 
0  
17. 71 0. 0269 
21. 50 0. 0368 
76.6 0.118 
93. 1 0. 142 
ca 1 C, d = 7. 84, p (22. 1) = 18. 71 103 (0.473) 26 
0.4 C, 0. 20 to 0. 35 Si, 0.50 3.0 0.0075 66 
to 0. 70 Mn, l e s s than 0. 03 S, 
l e s s than 0. 03 P 
0. 14 C, 0.08 Si, 0 . 0 7 M n , 15.00 0.154 12 













5. 0 0.0165 
10.0 0.0330 
15. 0 0. 065 
20. 0 0. 100 
15. 00  154 
17. 16 0. 186 
19.22 0. 209 
21.66 0. 244 
29.9 0. 306 
76. 1 0. 523 
93. 0 0. 568 
99 
TABLE III (Continued) 
Thermal Conductivities of F e r r o u s Alloys 
T°K k Ref. 
Chromium, Nickel and Stainless Steely 
1 3 . 5 7 C r , 0. 3 6 C , 0. 22 Si, 15.28 0.0204 12 
0. 13 Mn, cooled in furnace 
Same, heated to 950° C, quenched 15.30 0.0168 12 
in oil, reheated to 450° C, 
cooled in a i r 
57. 5 N i , 1 .31Mn, 0. 34 C, 15,12 0.0351 12 
0. 14 Si, A. M. F . , as forged 
3 6 . 1 7 N i , 0 . 9 2 M n , 0. 09 Si, 15.45 0.0137 12 
0. 16 C, heated to 1050°C, 
quenched in water 
31.4 Ni, 0 . 8 2 M n , 0. 70 C, 15.70 0.0152 12 
heated to 800°C, cooled 
in furnace 
. 02  
18, 37 0.0268 
21.53 0. 0339 
75.4 0. 118 
93. 0 0. 144 
.  0168 
18. 29 0. 0212 
21. 38 0. 0264 
75. 8 0. 099 
92.4 0. 114 
, 1  
18.20 0.0426 
21. 31 0.0510 
76.4 0. 132 
92.9 0. 153 
01  
18. 11 0.0158 
20. 08 0.0181 
20.41 0.0186 
76.8 0.0714 
87.0 0. 0787 
01  
18.63 0.0188 
21.93 0. 0225 
77. 7 0. 0826 
95.6 0. 1028 
TABLE III (Continued) 
Thermal Conductivities of F e r r o u s Alloys 
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T°K Ref. 
Chromium, Nickel and Stainless Steels (Continued) 
24. 30 Ni, 6 . 0 5 M n , 1. 18 C, 
heated to 1050°C, quenched 
in water 
3. 00 Ni, 0 . 9 8 C r , 0. 80 Mn, 
0. 28 C, oil hardened, t empered 
830/600°C 
2.61 Ni, 0.49 Cr , 0. 27 C, 0. 11 Si, 
0. 029 P , 0. 45 Mn, 0. 75 Mo, 
heated to 850° C, quenched in 
oil, reheated to 650° C, 
quenched in water 
1. 92 Ni, 0. 72 Mn, 0. 21 Si, 
0. 14 C, heated to 800° C, 
cooled in furnace 
SS, 18.45 Cr , 8. 20 Ni, 0. 04 C, 
0. 20 Ti, bal Fe , forged 
15, 35 0. 0120 
18.09 0. 0146 
21.90 0. 0178 
77. 5 0.0548 
93.6 0. 0641 
78 0. 180 
273 (0. 335) 
15. 16 0.0408 
15.60 0. 0410 
17.69 0. 0474 
19.99 0. 0581 
20.99 0.0619 
21. 26 0. 0637 
74, 0 0. 215 
75.9 0. 222 
85. 2 • 0. 242 
87. 1 0. 247 
15. 12 0. 0553 
17.90 0. 0725 
21.93 0. 0877 
76.4 0. 267 
94. 6 0. 307 
179. 8 0. 379 








TABLE III (Continued) 
Thermal Conductivities of F e r r o u s Alloys 
A T ° K T°K k Ref. 
Chromium, Nickel and Stainless Steels (Continued) 
0. 0129 12 SS, 18. 8 0 C r , 8. 10 Ni, 0. 12 C, 15.25 
0. 43 Si, 0. 24 Mn, heated to 17.90 0. 0156 






SS, 17. 9 5 C r , 8. 30 Ni, 0. 04 C, 78 0. 0941 33 
bal Fe , forged 273 (0.15) 
SS, 1 7 . 8 0 C r , 9. 19 Ni, 0. 04 C, 78 0. 0950 33 
3. 00 Mo, 1 .50Cu, bal F e , forged 273 (0.15) 
SS, 18-8 (This data from an a r t i c l e 2 0.0012 63 
on the t he rma l conductivity of 5 0.0035 
polycrystal l ine solids; 10 0. 008 







SS type 303, l / 8 - i n dia rod 0. 108 4 . 2 0. 00247 11 
0. 098 4 . 2 0.00253 
0.38 10. 1 0. 00663 
0. 079 20.4 0. 0199 
1. 04 20.6 0. 0220 
2 . 9 56.9 0.0669 
2. 8 58.0 0.0657 
2. 8 59. 7 0. 0667 
2 . 6 63. 3 0.0719 
5. 5 66.8 0. 0733 
2. 15 77. 0 0.0843 
' 
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TABLE III (Continued) 
i Thermal Conductivities of F e r r o u s Alloys 
T T°K k Ref. 
Chromium, Nickel and Stainless Steels (Continued) 
0.00125 11 Same, different run 0. 059 2. 59 
0.15 4 .25 0.00240 
1 0.46 10.1 0. 00693 
1.2 19.4 0.0198 
3.2 58.3 0.0664 
1 3. 1 59.5 0. 0672 
2.6 77.8 0. 0823 
SS type 304, read from graph 63 0.0627 76 
80 0. 0711 
100 0.0837 
190 0. 117 
273 0. 134 
SS type 316, r ead from graph 22 0. 0243 76 
80 0.0837 
SS type 347, (Cb stabil ized), 0. 17 4. 25 0.00234 11 
l / 8 - i n dia rod 0.18 4 .25 0.00234 
0.52 14.0 0.0117 
3. 5 58. 5 0.0638 
3.4 63.2 0.0660 
3.4 63. 3 0. 0670 
3.1 70.7 0.0732 
2.9 76.2 0.0772 
SS, austenit ic 18-8, Ti stabilized, 4 0. 002 72 
18. 9 Cr , 7. 9 Ni, 1 Ti, 0. 7 Si, 7 0. 005 
ca 0. 1 C, 3 rods of 2 mm dia, 11 0. 010 
austeni te gra ins ca 0.01 mm dia, 20 0. 020 
with some fe r r i t e gra ins (ca 48 0.050 
0, 002 mm dia) precipi ta ted at 95 0. 080 
the austeni te boundar ies , read 
from graph 
TABLE III (Continued) 
Thermal Conductivities of F e r r o u s Alloys 
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T°K Ref. 
Chromium, Nickel and Stainless Steels (Continued) 
SS, 3. 2 mm o. d. by 0. 4 mm wall 10 0. 0071 
thickness , from Accles and 15 0.011 
Pollock 20 0.015 
Also: k := a + bT, ca 5 to 25° K 
a = -0. 12, b = 0. 18, units mi l l i ca l / ( cm-sec -deg) 
SS, '^Era/ATV", 27. 30 Ni, 14. 60 Cr , 
3. 5 0 W , 1 .34Mn, 1. 62 Si, 0.44 C, 
heated to lOOO^C, quenched in 
water 
SS, 2 6 . 5 6 N i , 14. 13 Cr, 2. 21 W, 
1. 06 Mn, 0.42 C, 1. 50 Si, 
bal Fe , forged 
Manganese Steel 
38. 9 Mn, 0. 20 C, 0. 70 Si, 
0. 055 S, 0. 036 P , heated 
to 1000° C, quenched in water 
12. 95 Mn, 0. 09 C, 0. 12 Si, 
0. 103 S, 0. 050 P , heated to 
1000°C, quenched in water 
15 
15. 30 0.0114 
18. 30 0.0143 
21. 78 0.0179 
76. 9 0.0551 
93.4 0. 0650 
78 0.0581 
273 (0. 109) 
15. 35 0. 0276 
18.40 0. 0353 
21. 39 0. 0425 
76.6 0. 107 
93. 1 0. 119 
15. 31 0. 0211 
16. 11 0.0225 
17.48 0. 0255 
18.29 0. 0271 
19.91 0. 0322 
77. 8 0. 136 






TABLE III (Continued) 
Thermal Conductivities of F e r r o u s Alloys 
T°K k Ref. 
Manganese Steel (Continued) 
12. 69Mn, 1 .27C , 0. 12 Si, 15.56 0.0128 12 
heated to 1000° C, 
quenched in water 
2. 23 Mn, 0.41 C, 0. 07 Si, 14.94 0.0330 12 
heated to 800° C, cooled 
in furnace 
. 56 0  
18. 09 0. 0148 
21.06 0. 0174 
75. 8 0.0660 
88. 2 0. 0725 
14.94  0 30 
17. 82 0. 0417 
21. 33 0.0541 
76.0 0. 181 
92.6 0.226 
TABLE IV 
Miscel laneous Thermal Conductivities 
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T ° K k Ref. 
A l u m i n u m A l l o y s 
A lum inum - Ant im > o n y 
% Al % Sb f ( 2 3 ) 
100 0 3 3 . 8 X 10"^ 325 2. 11 6 4 
90 10 24. 1 325 1.83 
80 20 17. 9 3 2 5 1.59 
70 30 13. 3 3 2 5 1.41 
60 4 0 7. 90 325 1. 00 
50 50 5 . 4 4 325 0. 807 
4 0 60 1. 79 325 0 . 4 7 7 
30 70 0. 74 325 0 . 4 1 8 
20 80 0. 014 325 0. 218 
10 90 0. 119 325 0 . 2 4 3 
0 100 2 . 0 5 325 0 . 2 0 1 
A l u m i n u m - C h r o m i u m 
0. 5 C r , 0. 28 F e , 0. 22 Si , b a l Al 2 9 3 1. 53 34 
1. 0 C r , 0. 28 F e , 0. 22 Si 2 9 3 1. 13 34 
2 . 0 C r , 0. 28 F e , 0. 22 Si 2 9 3 0. 908 3 4 
Alum inum - C oppe: r 
% Al % Cu P(23) 
100 0 3 3 . 8 X 10"^ 326 2. 11 64 
90 10 26, 0 326 • 1.61 
80 20 2 0 . 9 326 1.46 
70 30 18. 5 326 1. 30 
50 50 15. 3 326 1. 06 
4 0 60 1 0 . 6 326 0. 753 
30 70 9. 76 326 0. 745 
20 80 3. 60 326 0 . 2 9 3 
10 90 9 . 9 8 326 0. 816 
0 100 5 0 . 8 326 3. 85 
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TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
T°K k Ref. 
Aluminum Alloys (Continued) 
Aluminum-Copper ( Continuec 








325 1. 18 
325 0. 753 
325 0. 745 
325 0. 293 
325 0. 816 
293 0. 510 
293 0. 753 
29 
0. 50 Cu, 0, 58 F e , 0. 91 Si, 0. 50 Mg, 298 1.87 54 
wrought 
Same, annealed 298 2. 10 54 
3. 79 Cu, 0 . 9 6 F e , 0. 59 Mn, 0.49 Mg, 298 1.47j* 54 
0.15 Si, bal Al, wrought 
* Explanation of l e t t e r s following the values of t he rma l conductivity (k) 
for Aluminum Alloys 
a - cas t specimen 
b - cas t , then annealed at ca 450° C 
c - cast , annealed, then quenched from 500° C to 8°C in water and 
aged four to five hours 
d - same as c, then aged two weeks 
e - forged and cold drawn 
f - same as e, then annealed at ca 500° C 
g - annealed two hours at 700° F , cooled to 600° F at 25° F per hour, 
then furnace cooled 
h - cas t in green sand, quenched from high t empera tu re solution 
t rea tment , aged at room t empera tu re only 
i - commerc ia l forging stock reduced to one inch d iamete r by 
forging? quenched from high t empera tu re solution treatmient 
and subsequently given a low t empera tu re precipi ta t ion t r ea tment 
j - samie as i, but without the precipi ta t ion t rea tment 
VZ - "Veredel . " Zusatz 
TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 
Aluminum Alloys (Continued) 
Aluminum-Copper (Continued) 
Same, annealed 
9 6 . 0 A 1 , 1 .8Cu , 0 . 9 F e , 0.9 Cr, 
0 .4 Si, d = 2. 74 
4. 39 Cu, 0. 66 Si, 0, 73 Fe , bal Al, 
sound casting 
Same, annealed 
5 Cu, 0. 7 Si, 0. 8 F e , bal Al 
5 Cu, 0. 7 Si, 0. 8 F e , VZ = 0. 1 
5 Cu, 0. 7 Si, 0. 8 F e , VZ = 0. 25 
5 Cu, 0. 7 Si, 0 .8 F e , 0.02 Ti, 
VZ = 0. 25 
298 1.79g 54 
303 1.05a 4 
303 1. 09b 
298 1.45h 54 
298 1.89g 54 
293 1, 33 34 
293 1. 88 34 
293 1.40 34 
293 ca 1. 7 34 
5 Cu, 0. 7 Si, 0. 7 Fe , 0. 5 Mn, 
VZ = 0. 25 
293 ca 0. 7 34 
5 Cu, 0. 21 Si, 0. 27 F e , fused 
from 99. 5 Al, 3 specimens of 
s imi la r composition 
5 Cu, 0. 23 Si, 0. 30 Fe , 0. 03 Ti, 
VZ - 0. 26 
293 1. 52 
293 1. 56 
293 1.60 
293 1. 35 
34 
34 
5 Cu, 0. 21 Si, 0. 27 Fe , VZ = 0. 25 293 




TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 
Aluminum Alloys (Continued) 
Aluminum-Copper (Continued) 
5 Cu, 0. 5 Mn, 0. 27 Si, 0. 31 Fe , 
VZ = 0. 26 
293 1. 51 34 
4. 45 Cu, 0. 50 F e , 0. 85 Si, 0. 76 Mn, 
wrought 
298 1. 55 54 
Same, annealed 
ca 95 Al, ca 0. 5 Mg, ca 0. 5 Mn, 
ca 4 Cu, f> (23) = 19. 10 x 10"^ 
93. 5 Al, 4. 3 Cu, 0. 9 Fe, 0. 5 Mn, 
0.4 Mg, 0.4 Si, d = 2. 78 
92 Al, 8 Cu, «American« alloy 
90. 9 Al, 8, 1 Cu, 0. 6 F e , 0. 4 Si, 
d = 2. 80 
8 9 . 9 A 1 , 8 . 4 C u , 0. 7 Mn, 0. 7 Fe , 
0. 3 Si, d = 2. 81 
8 6 . 9 A 1 , 1 2 . 2 C u , 0. 6 Fe , 0. 3 Si, 
d = 2. 93 
298 1.97g 54 
336 1.85 64 
303 1. 22a 4 
303 1.52b 
303 1.48e 
303 1. 73f 
303 1. 30 4 
303 1.39a 4 
303 1.67b 
303 1. 33c 
303 1. 32d 
303 1. 02a 4 
303 1. 35b 
303 1. 24a 4 
303 1.48b 
109 
TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
T°K k Ref. 
Aluminum Alloys (Continued) 
Aluminum -Iron 
Commerc ia l : % Al (bal Fe) 
16. 07 ca 313 0. 100 55 
14. 36 ca 313 0. 167 
12. 39 ca 313 0. 167 
11. 18 ca 313 0.209 
ca 0. 8 Fe , 0. 7 Si, 0. 1 Cu + Zn, 293 1. 35 34 
purified chill cast ing, fused 
from 98-99 Al, VZ = 1. 0 
0 . 8 F e , 0.17 Si, VZ = 1. 0 293 1.58 34 
0. 28 Fe, 0. 22 Si, bal Al 293 2. 10 34 
Alum inum - Mangane s e 
0.5Mn, 0.28 Si, 0. 32 Fe, chill 293 1.55 34 
casting, not purified, fused 
from 99. 5 Al 
1.0 Mn, 0 . 3 5 F e , 0. 34 Si, bal Al 293 1.15 34 
2 . 0 M n , 0.43 Fe , 0.46 Si, bal Al 293 0.908 34 
3 Mn, 0.49 F e , 0. 58 Si, VZ = 0. 20, 293 0.816 34 
2 specimens , s imi la r composition 293 0. 845 
9 7 . 5 2 A 1 , 1 .07Mn, 0.48 Cu, 0. 66 F e , 336 1.69 64 
0. 27 Si, f (23) = 23. 30 x 10-4 
TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 
Aluminum Alloys (Continued) 
Aluminum-Silicon 
5. 04 Si, 0. 95 Cu, 0. 36 F e , 0. 34 Mj 
sound casting 
Same, annealed 
12 Si, 0. 5 Mg, 0, 5 Mn, 
technical alloy 
14 Si, bal Al 
87. 3 Al, 11. 9 Si, 0. 8 Fe , 







303 1. 31a 
303 1. 78b 






Skelron mietal 303 1. 03 
Aluminum - Tin 










33. 8 X 10-^ 324 
28.9 324 
22.8 324 
















I l l 
TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
T°K k Ref. 
Aluminum Alloys (Continued) 
Aluminum - Tung sten 
L O W , 0.22 Si, 0 . 2 8 F e 293 1.71 H 
5 . 0 W , 0.21 Si, 0 . 2 7 F e 293 1.55 34 
Aluminum - Zinc 
% Al % Zn p(23) 
100 0 3 3 . 8 x 1 0 " ^ 323 2 .11 64 
90 10 25.0 323 1.62 
80 20 19.6 323 1.36 
70 30 18.7 323 1.33 
40 60 16.9 323 1.19 
0 100 17.0 323 1.16 
Aluminum-Copper- I ron 
9.6 Cu, 1. 1 Fe 293 1. 12 34 
10. 1 Cu, 1. 5 F e , 0. 2 Si, 0. 03 Mg 293 1. 12 34 
10.40 Cu, 1 . 4 0 F e , 0. 29 Mg, 298 1.43 54 
0. 59 Si, chill casting 
Same, annealed 298 1. 76g 54 
Aluminum-Copper-Magnesium 
9 5 . 6 A 1 , 1.85CU, 1. 5 Mg, 0. 95 F e , 303 1.57a 4 
0. 1 Si, d = 2. 62 303 1. 65b 
303 1.59c 
TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 
Aluminum Alloys (Continued) 
Aluminum-Copper-Magnesium (Continued) 
91. 8 Al, 5. 3 Cu, 1. 15 Mg, 
0. 8 F e , 0. 5 Mn, 0.45 Si 
Alumini im-Copper-Manganese 
1 Cu, 3 Mn, 0.58 Si, 0.49 F e , 
VZ = 0. 20, 2 specimens of 
s imi la r composit ion 
3 Cu, 3 Mn, 0.58 Si, 0.49 F e , 
VZ = 0. 20, 2 specimens of 
s imi la r composition 
3 Cu, 3 Mn, 0. 60 Si, 0. 52 F e , 
0. 03 Ti, VZ = 0. 20, 2 specimens 
of s imi la r composition 
6 Cu, 2 Mn, 0.44 Si, 0.41 F e , 
VZ = 0. 20 
303 1. 18a 
303 1. 51b 
303 1.23c 
303 1. 23d 
303 1. 36e 
303 1.60f 
293 1. 10 
293 0.962 
293 0. 983 
293 0. 740 
293 0. 669 
293 0. 766 





6 Cu, 2 Mn, 0.45 Si, 0 .43 Fe , 
0. 02 Ti, VZ = 0. 20 
293 0. 761 34 
8 6 . 0 A 1 , 12 .2CU, 1.0 Mn, 0. 6 F e , 





TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 
Aluminum Alloys (Continued) 
Aluminum!-Copper-Nickel 
93. 6 Al, 2. 5 Cu, 1. 7 Ni, 0. 9 Mg, 
0.9 F e , 0.4 Si 
9 1 . 5 A 1 , 4 . 4 Cu, 2. 05 Ni, 0. 9 Mg, 
0. 65 F e , 0. 5 Si, d = 2. 80 
303 1.44a 
303 1.63b 
303 1. 38c 
303 1. 33d 




3. 7 Cu, 4. 7 Si, 0. 5 F e , 0. 05 Mg, 
t r ace of Zn, Nij, bal Al 
293 1. 53 34 
7. 4 Cu, 2. 0 Si, 0. 5 F e , t r ace Zn 
87. 0 Al, 6. 1 Si, 3. 8 Cu, 0. 9 F e , 
0.6 Mn, d = 2. 75 
Alum inum - C oppe r - Tin 
9 0 . 9 A 1 , 6 . 9 C u , 1 .2Sn, 0. 7 F e , 
0. 3 Si, d = 2. 80 
Alumiinum-Copper-Zinc 
93. 3 Al, 2. 5 Cu, 2. 6 Zn, 0. 8 F e , 
0. 5 Mn, 0. 3 Si, d = 2. 75 
88 Al, 2 Cu, 10 Zn, ^German" alloy 
2 Cu, 10 Zn, ca 0, 7 Fe , ca 0. 6 Si, 













1. 35 34 






1. 26a 4 
1.45b 
1. 32c 
1. 5 4 
1. 15 34 
TABLE IV (Continued) 
Miscellaneous Thermal Conductivities 
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T°K Ref. 
Aluminum Alloys (Continued) 
Aluminum - Copper - Zinc (Continued) 
84. 3 Al, 2. 7 Cu, 12. 0 Zn, 0. 6 F e , 
0 .4 Si, d = 2. 94 
76. 2 Al, 2. 6 Cu, 20. 3 Zn, 0. 55 F e , 
0. 35 Si, d = 3.20 
303 1. 32a 
303 1. 33b 
303 1. 07a 




4. 6 Mg, 2. 1 F e , 0. 3 Cu, 0. 3 Mn, 
0. 5 Si, 0. 7 Zn, t r a ce Ni 
Aluminum-Manganese-Si l icon 
10 Mn, 1.40 Si, 0. 96 Fe 
Aluminum - Silicon -Magne sium 
11. 78 Si, 1 .06Mg, 0. 84 Cu, 0. 76 Fe , 
0. 96 Ni, wrought 
Same, annealed 
Aluminum-Sil icon-Nickel 
13. 0 Si, 2. 2 Ni, 0. 9 Cu, 0. 6 Mg, 
0. 03 Mn, t r ace Zn 
Aluminum-Copper-Magne s ium-Nickel 
94. 8 A 1 , 1 .8Cu , 1 .6Mg, 1. 0 Ni, 
0. 5 Fe , 0. 3 Si, d = 2. 73 
Aluminum-Copper-Manganese-Si l icon 
3 Cu, 3 Mn, ca 1. 1 Si, ca 1. 0 Fe , 
VZ = 0. 20, 2 specimens of 












303 1. 64b 
303 1.45c 
293 0. 887 








TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 
Aluminum Alloys (Continued) 
Aluminum-Copper-Nickel -Magnesium 
3.94CU, 2. 14 Ni, 1 .52Mg, 0. 63 F e , 298 
0. 55 Si, chill casting 
Same, annealed 298 
3. 84 Cu, 1 .96Ni , 1. 29 Mg, 0. 80 F e , 298 
0. 55 Si, wrought 
Same, annealed 298 
Aluminum-Copper-Si l icon-I ron 
5. 1 Cu, 1. 1 Si, 1. 1 Fe , 0. 1 Pb , 293 











Aluminum-Copper-Si l icon-Nickel 
2. 1 Cu, 12. 5 Si, 2. 0 Ni, 0. 6 F e , 
0.05 Pb , 0. 8 Mg, 0. 05 Mn 
Aluminum -Copper - Tin-Nickel 
84. 0 Al, 10 .5CU, 3. 3 Sn, 1. 05 Ni, 









7. 06 Cu, 2. 22 Zn, 1. 21 F e , 0. 75 Si, 
sand cast 
298 1.41 54 
Same, annealed 298 
Alumiinum-Copper-Sil icon-Iron-Nickel 
4. 5 Cu, 2. 0 Si, 1. 1 Fe , 4. 4 Ni, 293 





T A B L E IV (Cont inued) 
M i s c e l l a n e o u s T h e r m a l C o n d u c t i v i t i e s 
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T ° K Ref. 
A l u m i n u m A l l o y s (Cont inued) 
A l u m i n u m - C o p p e r - S i l i c o n - I r o n - Z i n c 
6. 2 Cu, 4 . 0 Si, 1. 7 F e , 1. 5 Zn, 293 
0. 1 Mg, 0. 03 Mn, 0. 3 Ni, 
t r a c e P b , Sn 
1. 03 34 
A l u m i n u m - C o p p e r - S i l i c o n - N i c k e l - Z i n c 
4 . 1 Cu, 2, 5 Si, 1.4 Ni, 1. 0 Zn, 293 
0. 9 F e , 0. 7 Mg, t r a c e Mn 
1. 19 34 
A l u m i n u m - S i l i c o n - N i c k e l - M a g n e s i u m - I r o n 
13. 80 Si , 2 . 4 5 N i , 1. 18 Mg, 1. 09 F e , 298 
0. 75 Cu, ch i l l c a s t i n g 
1. 14 54 
S a m e , a n n e a l e d 298 1.36g 54 
C a d m i u m A l l o y s 
C a d m i u m - B : Lsmuth 
% Cd % Bi (P(22) 
100 0 13. 76 X 10-^ 328 0. 941 
90 10 8. 92 328 0. 720 
80 20 6 . 4 7 328 0. 598 
70 30 5. 24 328 0 . 4 8 9 
60 40 3 . 8 6 328 0. 393 
50 50 3. 51 328 0. 339 
40 60 2. 35 328 0 . 2 5 1 
30 70 2. 13 328 0. 209 
20 80 1. 75 328 0. 163 
10 90 1. 36 328 0 . 1 3 0 
0 100 0 . 8 4 328 0. 079 
64 
T A B L E IV (Cont inued) 
M i s c e l l a n e o u s T h e r m a l C o n d u c t i v i t i e s 
117 
T ° K k Ref. 
C a d m i u m Al loys (Cont inued) 
C a d m i u m - T h a l l i u m 
% Cd % Tl e{zs) 
100 0 1. 376 X 10-3 336 0 . 9 4 1 64 
90 10 1. ZZ 336 0. 866 
80 20 1. 11 336 0. 799 
70 30 1. 02 336 0. 753 
60 40 0. 926 336 0. 703 
50 50 0. 877 336 0 . 6 6 1 
40 60 0. 775 336 0. 581 
30 70 0 . 6 9 0 336 0 . 5 3 5 
20 80 0. 622 336 0 . 4 9 4 
10 90 0 . 5 7 0 336 0 . 4 4 3 
0 100 0. 518 336 0 . 4 3 9 
C a d m i u m - Tin 
% Cd % Sn f (22) 
100 0 13. 8 X 10-4 326 0. 941 64 
90 10 12. 7 326 0. 874 
80 20 12. 3 326 0 . 8 3 7 
70 30 1 1 . 4 326 0. 782 
60 40 10. 7 326 0. 753 
50 50 9 . 9 8 326 0. 699 
40 60 9. 11 326 0 . 6 5 3 
30 70 9. 17 326 0. 644 
20 80 8. 39 326 0. 594 
10 90 7. 73 326 0. 556 
5 95 7. 34 326 0. 535 
0 100 8. 96 326 0. 627 
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TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
T°K k Ref. 
Cadmium Alloys (Continued) 
Cadmium - Zinc 
% Cd % Zn e(25) 
100 0 13. 76 X 10"^ 326 0. 941 64 
90 10 13. 91 326 0. 954 
80 20 14. 1 326 0. 966 
70 30 14.4 326 0. 996 
60 40 14. 7 326 1.02 
40 60 15.5 326 1. 04 
30 70 15.9 326 1. 07 
20 80 16. 3 326 1. 09 
5 95 16.4 326 1. 13 
0 100 17. 0 326 1. 16 
Copper Alloys 
Copper -Arsen ic 











mt of As 293 
e 
% M n e(23) 
0 50. 8 X 10-4 332 
10 2. 76 332 
20 1. 59 332 
30 1. 11 332 
40 0. 916 332 
60 0. 820 332 












T A B L E IV (Cont inued) 
M i s c e l l a n e o u s T h e r m a l C o n d u c t i v i t i e s 
119 
T ° K Ref. 
C o p p e r A l loys (Cont inued) 
C o p p e r - N i c k e l 
% Cu ic Ni 
95. 1 4 . 9 
9 0 . 0 10. 0 
7 9 . 9 20, 1 
60. 0 40, 0 
3 9 . 1 60. 9 
1 8 . 4 8 1 . 6 
0. 0 100. 0 
90. 0 10. 0 
70. 0 30. 0 
60. 0 40 . 0 
50. 0 5 0 . 0 
40. 0 60. 0 
30. 0 70, 0 
20, 0 80. 0 
0. 0 100. 0 
94. 1 3 .9 
88. 7 17. 3 
60. 0 4 0 . 0 
55 . 0 4 5 . 0 
54. 0 46 . 0 
28. 0 70. 0 
C o n s t a n t a n 
2. 0 F e 
293 0 .899 
293 0. 569 
293 0. 330 
293 0. 209 
293 0 .230 
293 0. 259 
293 0, 590 
330 0. 389 
330 0. 243 
330 0. 226 
330 0. 226 
330 0. 226 
330 0 .289 
330 0. 305 
330 0. 586 
293 0. 870 
293 0. 339 
293 0. 226 
293 0, 230 
293 0. 201 
293 0. 347 




TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 







8. 24 X 10"^ 330 
80 20 3. 00 330 
70 30 2. 17 330 
60 40 2. 02 330 
50 50 1. 98 330 
40 60 2. 04 330 
30 70 2.48 330 
10 90 3.49 330 
Copper-Pho 
99.4 Cu, 0. 
sphorus 
63 P 303 







5.45 X 10"^ 335 
95 5 4. 79 335 
90 10 4. 20 335 
80 20 3. 72 335 
70 30 3. 59 335 
60 40 3. 78 335 
55 45 4.46 335 
50 50 4. 36 335 
47 53 4.48 335 
45 55 4. 57 335 
40 60 4. 50 335 
35 65 4. 59 335 
25 75 4. 74 335 
15 85 5. 05 335 
5 95 5. 13 335 
































TABLE IV (Continued) 
Miscel laneous The rma l Conductivities 
T°K k Ref. 
Copper Alloys (c ontinue d) 
Copper -Tin 
% Cu % Sn 
95.0 5. 0 293 0. 736 29 
90. 1 9 . 9 286 0.439 
75. 5 24. 5 293 0. 247 
24. 9 75. 1 293 0. 581 
9 . 7 90. 3 293 0. 548 
0. 0 100. 0 
% P 
293 0. 594 
91. 7 8. 0 0. 30 293 0.452 29 
87. 2 12.4 0. 40 293 0. 364 
90. 0 10. 0 t r ace 293 0.418 
87. 8 11. 3 0. 35 293 0. 535 
Phosphor bronze; 0. 02 or l e s s F e , 0. 01 or l e s s Pb, 0. 01 or 
l e s s Ni, 0. 01 or l e s s Zn 
% Cu % Sn % P 
96. 84 3. 11 0. 02 293 1. 17 
96. 50 3. 09 0. 39 293 0, 67 
92. 60 7. 31 0. 02 293 0. 67 
92. 20 7.41 0. 38 293 0.46 
96. 16 3. 71 0. 12 293 0.84 
94.60 5. 27 0.09 293 0. 75 
93. 19 6. 65 0. 12 293 0.63 
Copper-Zinc 
89 Cu, 11 Zn 291 1. 15 
87 Cu, 13 Zn 291 1.26 
82 Cu, 18 Zn 291 1. 31 
68 Cu, 32 Zn 291 1. 09 
28 
Red b r a s s 273 1. 03 
TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
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T°K Ref. 
Copper Alloys (Continued) 
Copper-Zinc (Continued) 
Yellow b r a s s 273 0. 854 
B r a s s 








18. 0 smal l grain size 
18. 0 la rge grain size 
27. 9 




38. 5 0. 30 Mn 
293 2. 73 
293 2. 14 
293 1. 85 
293 1. 14 
293 1. 25 
293 1. 37 
273 1. 30 
273 1. 27 
293 1.29 
293 • 1. 17 
293 0. 937 
293 1. 09 
293 1.08 
293 1. 11 
293 0. 786 
29 
89. 15 Cu, 9. 51 Zn, 0. 02 F e , 1. 32 Pb , 
annealed l /2-h.r at 575° C, a i r 
cooled, accuracy Z% 
293 1. 81 29 
81. 18 Cu, 18. 36 Zn, 0. 02 Fe, 0. 00 Pb, 
0. 20 Sn, annealed 2-hr at 700° C, 
air cooled, accuracy 2% 
293 1.43 29 
59.98CU, 37. 8 8 Z n , 0. 03 Fe , 2. 01 Pb, 
0. 10 Sn, annealed 2-hr at 650° C, 
cooled l 6 - h r in furnace to 450° C, 
accuracy 2% 
293 1. 08 29 
123 
T A B L E IV (Cont inued) 
M i s c e l l a n e o u s T h e r m a l C o n d u c t i v i t i e s 
T^K Ref. 
C o p p e r A l l o y s (Cont inued) 
C o p p e r - Z i n c (Cont inued) 
7 1 . 0 9 C U , 27. 77 Zn, 0. 02 F e , 0. 00 P b , 
1. 02 Sn, a n n e a l e d 3 / 4 - h r a t 700° C, 
a i r coo led , a c c u r a c y 2^o 
293 1. 10 29 
5 9 . 8 5 C U , 3 9 . 3 6 Z n , 0. 02 F e , 0. 07 P b , 
0. 70 Sn, a n n e a l e d 3 - h r a t 650° C, 
a i r coo led , a c c u r a c y 2% 
293 1. 17 29 
The fol lowing 13 s a m p l e s w e r e a i r coo led , e x c e p t for the l a s t t h r e e , 
which w e r e coo led in a f u r n a c e for 18 h o u r s to 450° C 
Annea l ing g r a i n S t r u c t -
% Cu % Zn % F e % P b T ° C h r d ia , m m u r e ^293 
99. 64 0. 35 0. 02 0 . 0 1 650 1 0. 070 (X. 3. 70 
9 9 . 4 5 0. 51 0. 01 0. 01 650 1 0. 110 c< 3 . 6 3 
98. 93 0. 95 0. 02 0. 00 700 1 0. 120 o< 3. 31 
96. 94 3 . 0 4 0. 02 0. 00 700 3 /4 0. 100 o< 2 . 6 8 
95 . 21 4 . 77 0. 02 0. 00 700 3 / 4 0. 085 ^ 2 . 4 2 
90. 07 9 . 9 1 0. 01 0. 01 700 3 /4 0. 095 e< 1.87 
8 3 . 2 0 16 .76 0. 03 0. 01 700 3 /4 0. 125 <V 1.51 
7 9 . 6 2 20. 35 0. 01 0. 02 700 3 /4 0. 190 c< 1.40 
69. 14 30. 81 0. 03 0. 02 650 3 /4 0. 075 c< 1.21 
6 5 . 4 3 34. 53 0. 01 0. 03 650 3 /4 0. 080 c< 1.20 
59. 20 
54. 96 
40 . 75 










0 . 4 0 ^ ^^ 
1.27 
1.49 
50. 30 4 9 . 4 5 0. 01 0. 04 650 2 16. 0 1. 78 
C o p p e r - M a n g a n e s e - N i c k e l 
84 Cu, 12 Mn, 4 . 0 Ni 293 0. 222 29 
C o p p e r - N i c k e l - I r o n 
2 9 . 18 Cu, 67. 10 Ni , 1. 72 F e , 0. 16 C, 
0 . 0 1 Si, 0 . 0 1 4 S , 0 . 0 2 4 P , 0. 13 Mg, 
0. 04 Al , 0. 33 Co, hot r o l l e d , b l a c k 
s u r f a c e 
273 (0 ,21) 35 
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Copper Alloys (Continued) 
Copper-Zinc-Nickel 
63. 0 Cu, ZZ, 0 Zn, 15. 0 Ni, 2 
specimens of s imi la r composition 
Copper - Zinc - Tin 
92. 8 Cu, 2. 0 Zn, 5. 0 Sn, 0. 15 P 
88. 0 Cu, 2. 0 Zn, 10. 0 Sn 
87. 8 Cu, 2. 0 Zn, 10. 0 Sn, 0. 15 P 
87. 2 Cu, 2. 2 Zn, 10. 0 Sn, 0. 35 Ni, 
0.21 Fe 
85. 7 Cu, 7. 2 Zn, 6. 4 Sn, 0. 6 Ni 
85. 0 Cu, 5. 0 Zn, 8. 7 Sn, 0. 78 Pb, 
0 .21 Fe 
Copper - Zinc-Mangane se -Iron 
57..14 Cu, 37. 5 Zn, 2. 33 Mn, 1.8 F e , 293 0.686 29 
0. 95 Al, 0. 26 Sn 
Iron Alloys 
I ron-Chromium 
85. 15 Fe (diff), 13. 65 Cr , 0. 27 C, 0.29 273 0 .24^ 35 
Mn, 0 . 3 7 N i , 0. 37 Si, S, P (?) 373 ' 0.25 
26.00 Cr , 0 . 1 3 C , 0. 56 Mn, 0. 10 Ni, 273 0.23 59 
0. 14 N, 0 . 1 2 P , 0. 50 Si, 0. 007 S, 
bal F e , SS type 446 
293 0.251 29 
293 0.247 
293 0. 791 29 
293 0.494 29 
293 0.427 29 
293 0. 548 29 
293 0. 598 29 
293 0. 703 29 
T A B L E IV (Cont inued) 
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T ° K Ref. 
I r o n A l loys (Cont inued) 
I r o n - C o b a l t 1o Co 
M a d e f r o m : i r o n with 0. 09 C, 0 303 ( ? ) 0 . 4 5 6 
0. 29 Cu, 0. 31 Mn, 0. 03 P , 5 303 0 . 4 0 2 
0. 11 Si, 0. 03 S; coba l t 10 303 0. 395 
wi th 0. 24 C, 1.4 F e , 1. 1 Ni , 15 303 0 . 4 0 9 
0. 14 Si 20 303 0 . 4 3 8 
30 303 0. 502 
40 303 0. 598 
50 303 0. 711 
60 303 0. 720 
80 303 0. 512 
90 303 0 . 4 0 2 
100 303 0. 691 
I r o n - C h r o m i u m % C r 
0 . 6 c m a x , coo led s lowly f r o m 0 303 (? ) 0 . 4 1 8 
900°C 0. 5 303 0 . 4 1 4 
1 303 0 . 4 0 2 
2 303 0. 397 
3 303 0 . 3 7 2 
5 303 0. 305 
10 303 0. 218 
15 303 0. 184 
20 303 0. 180 
S a m e , coo led r a p i d l y f r o m 0 303 (? ) 0 . 4 1 0 
1100°C 0. 5 303 0. 372 
1 303 0. 368 
2 303 0. 364 
3 303 0. 238 
5 303 0. 184 
8 , 5 303 0, 163 
13 303 0. 138 
17 303 0. 130 
• 
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T A B L E IV (Cont inued) 
M i s c e l l a n e o u s T h e r m a l C o n d u c t i v i t i e s 
T ° K k Ref. 
1 
1 
1 I r o n A l loys (Continued) 
I r o n - M a n g a n e se 
90 F e , 10 Mn - 0. 130 2 
1 1 . 5 7 M n , 1. 15 C, 0. 055^ P , 0. 25 Si, 298 0. 192 8 
0. 02 S, a n n e a l e d a t 810° C 
S a m e , q u e n c h e d f r o m 902° C 298 0. 138 8 
I r o n - N i c k e l 
3 . 4 5 N i , 0. 18 C, 0. 67 Mn, 0. 01 P , 298 0. 37 8 
0. 16 Si, 0. 02 S, a n n e a l e d 700° C 
S a m e , q u e n c h e d f r o m 902° C 298 0. 35 8 
4 . 4 8 N i , 0. 3 3 C , 0. 405 Mn, 0. 01 P , 298 0. 36 8 
0. 16 Si, 0. 03 S 
S a m e , q u e n c h e d fromi 830° C 298 0. 32 8 
94. 36 F e (diff), 3. 55 Ni, 0. 85 C, 273 (0 .335) 35 
0. 39 C, 0. 64 Mn, 0, 21 Si, o i l 373 0. 360 
h a r d e n e d , t e m p e r e d 830 /600° C 
3 0 . 4 N i , 0 .26 c , 0. 84 Mn, 0. 14 Si, 302 0. 12 2 
d = 8. 125 344 0. 13 
S a m e , a f t e r cool ing to 88° K 
1 
302 0. 125 2 
TABLE IV (Continued) 
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T°K Ref. 
I ron Alloys (Continued) 
I ron-Nickel (Continued) 
Made from? i ron with 0. 09 C, 
0.29 Cu, 0. 31 Mn, 0. 03 P , 
0. 11 Si, 0. 03 Sj nickel 
with 0. 29 C, 0. 24 Co, 4. 20 
Cu, 1. 25 F e , 0. 35 Mn, 0. 15 
Si, 0. 02 S; anaealed at 
900° C, cooled to room temp. 
Same, after suddenly cooling to 
83°K and warming to room 










31. 5 303 
33 303 












































70 Fe, 30 Ni, "Climax^ ca 273 0. 138 58 
TABLE IV (Continued) 
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T°K Ref. 
I ron Alloys (Continued) 
I ron-Si l icon 
1. 20 Si, 1. 11 C, 0.40 Mn, 0. 35 Cr , 
0. 06 Cuĵ  0. 31 Ni, 0. 04 S, 0. 02 P , 
annealed at 950° C 
298 0 .259 
Same, quenched from 830° C 298 0. 188 
3. 65 Si, 0. 10 C, 0. 12 Mn, 0. 03 P, 
0. 025 S, annealed at 985° C 
298 0. 230 
Same, quenched from 907°C 298 0 . 2 0 5 
I ron-Tungs ten 
These data a r e for specimens of var ious tungsten and carbon 
content, p resumably at room t empera tu r e . The specimens 
in columns 2 and 3 were annealed at 900° C and cooled slowly 
to room t empe ra tu r e ; those in column 4 were annealed at 
1100°C, then quickly cooled. 
Col 1 Col 2 Col 3 Col 4 
% W 0. 3 C 0.6 C 0.6 C 
a 
0 0 . 4 5 7 0 . 4 2 2 
0. 5 0.419 0. 374 
1 0.411 0. 360 
2 0.402 0. 349 
3 0. 356 
5 0. 390 
6 0. 387 0. 356 
10 0. 333 
15 0. 324 0. 309 
20 0. 270 0.276 





TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
T°K k Ref. 
Iron Alloys (Continued) 
Ir on-Chronnium-Nickel 
73.49 Fe (diff), 17. 8 7 C r , 8. 04 Ni, 273 (0.149^) 35 
0. 15 C, 0 . 2 6 M n , 0. 19 Si, 373 0.16 
softened 1150/l200°C 
18.42 Cr , 8 . 9 7 N i , 0 . 1 7 C , 0. 61 Mn, 273 0.142 59 
0. 51 Si, bal F e , type 303 SS 
18.00Cr, 11.20Ni, 0. 069 C, 1. 80 Mn, 273 0.19 59 
0. 70 Si, 0. 021 P, 0. 007 S, 0. 77 Cb, 
SS type 347 
50.98Fe, 25. 54 Cr, 20. 68 Ni, 0. 10 C, 273 0.13 59 
1. 83 Mn, 0. 025 P, 0. 84 Si, 0. 005 S, 
SS type 310 
4, 12 Ni, 1..61 Cr, 0. 14 C, 0.44Mn, 298 0.31 8 
0. 01 P , 0. 11 Si, annealed at 718° C 
Same, quenched from 830° C 
52. 2 Fe (diff), 15. 20 Cr , 26. 86 Ni, 
0.46 C, 1. 18 Mn, 0. 018 P , 
1. 30 Si, 0. 014 S, 2. 77 W, 
forged (Era -A. T. V.) 
68 Fe , 29 Ni, 2 Cr , 1 Mn, ca 273 0. 136 58 
"Cl imax 193« 
55 Fe (diff), 25 Cr , 20 Ni, 288 0. 125 57 
aust inet ic , heat res i s t ing 
298 0. 27 8 
273 (0,11) 35 
373 0. 13 
T A B L E IV (Cont inued) 
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M i s c e l l a n e o u s T h e r m a l C o n d u c t i v i t i e s 
T ° K k Ref. 
L e a d A l l o y s 
L e a d - A n t i m o ny 
% P b % Sb e ( 2 5 ) 
100 0 4 . 76 X 10-^ 327 0, 347 64 
90 10 3. 60 327 0 . 2 6 4 
80 20 3. 10 327 0. 230 
70 30 2. 87 327 0. 218 
60 40 2 . 6 6 327 0. 213 
50 50 2 . 4 6 327 0 . 2 0 1 
40 60 2. 33 327 0^201 
30 70 2. 32 327 0. 197 
20 80 2 . 2 9 327 0. 188 
10 90 2 , 4 4 327 0 . ^ 0 1 
0 100 2 . 4 7 327 0 . 2 0 1 
87 P b , 13 Sb 313 0. 26 4 
L e a d - B i s m u t h . 
75 vol % P b , 25 Bi 317 0. 196 2 
46 P b , 54 Bi ( eu tec t i c ) 




0 . 0 5 4 0 
L e a d - S i l v e r 
% P b % Ag (?(25) 
100 0 4, 76 X 10"^ 
90 10 4 . 57 
80 20 4 . 88 
70 30 4 . 9 5 
60 40 6. 21 
50 50 6. 15 
40 60 6. 90 
30 70 7. 14 





















0 . 4 8 9 
0 . 5 6 1 
0 . 5 7 7 
0. 745 
0. 987 
4 . 05 
64 
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T°K Ref. 
Lead Alloys (Continued) 
Lead- Thallium 
% Pb % Tl ^ (25) 
100 0 4. 76 X 10-^ 333 0. 347 
90 10 3. 54 333 0.284 
80 20 2.98 333 0.251 
70 30 2. 74 333 0. 226 
60 40 2.62 333 0. 201 
50 50 2. 54 333 0.201 
40 60 2.63 333 0. 226 
30 70 3.04 333 0. 259 
20 80 4. 02 333 0. 322 
10 90 4.90 333 0. 376 
6 94 5. 16 333 0.402 
4 96 4. 72 333 0. 364 
2 98 4.95 333 0. 385 
0 100 5. 88 333 0.439 
Lead-Tin 
% Pb % Sn P(25) 
100 0 4. 76 X 10-^ 327 0. 347 
90 10 4.95 327 0. 360 
80 20 5. 29 327 0, 372 
70 30 5.65 327 0. 385 
60 40 5.99 327 0.414 
50 50 6.47 327 0.464 
40 60 • 6.92 327 0.489 
20 80 7. 62 327 0. 544 
0 100 8.96 327 0. 632 
64 
64 
62 Pb , 38 Sn (eutectic) 313 0. 50 
Lead-Bismuth -T in 
33. 3 Pb , 33. 3 Bi, 33. 3 Sn 285. 7 0. 127 
f 
TABLE IV (Continued) 
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1 
T°K k Ref. 
Magnesium Alloys 
Magne slum-Aluminum 
95. 82 Mg, 4. 12A1, 0. 028 Fe , 336 0.665 64 
0. 019 Si, ^ (23) = 9. 06 X 10"^ 
8 9 . 8 2 M g , 10 .12A1 , 0. 028 F e , 336 0.485 64 
0. 023 Si, p (23) = 6. 00 x 10"^ 
Chill cas t ings , with indicated 
% Al, bal Mg 
% Al 
2. 1 300. 0 0. 887 
4. 2 295. 5 0. 690 
6.2 295. 1 0. 556 
8. 2 291.5 0. 510 
10. 3 295.2 0.452 
12.2 296. 3 0. 385 
Magnesium-Antimony 
MggSbz, annealed at 500-600° C Room(?) 0.0096 39 
Magne s lum-Nickel 
Annealed in vacuum, with: 1. 9 Ni 
5.8 Ni 
Magnesium-Si lver 
Annealed in vacuum, with: 2. 2 Ag 
6. 0 Ag 
Magne siumi - Tin 
Annealed in vacuum, with: 2. 2 Sn 
6.4 Sn 
293.4 1. 36 
297. 7 1.26 
298. 7 1.31 
300. 0 1. 15 
294.0 1. 06 
294. 5 0. 740 
T A B L E IV (Cont inued) 
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T ° K Ref. 
M a g n e s i u m Al loys (Cont inued) 
M a g n e s lum -Alum inum - C a d m i u m 
% Mg % Al % Cd % Sn & Zn 
93 . 0 4 . 0 1.0 1. 0 1.0 2 9 5 . 2 0 .556 
92 . 5 4 . 0 2. 0 1. 0 0 . 5 295 . 3 0 . 6 3 2 
92. 0 4 . 0 2. 0 2. 0 303 . 3 0. 556 
92 . 0 4 . 0 3. 0 1.0 2 9 5 . 3 0 . 6 9 4 
Magne s lum - A l u m i n u m - Z inc 
90. 6 Mg, 6. 0 Al , 3. 0 Zn, 0. 4 Cu, 
" D o w - m e t a l ^ 
302. 6 0 . 6 1 1 
N i c k e l A l l o y s 
N i c k e l - C h r o m i u m ) 
77. 28 Ni (diff), 20. 98 C r , 0. 59 F e , 
0. 12 C, 0 . 6 5 Mn, 0. 38 Si, 






N i c k e l - M a n g a n e s e 
% Ni % Mn e ( 2 5 ) 
100 0 8 2 . 4 X 10"^ 333 0. 586 
90 10 27. 7 333 0. 310 
80 20 14. 2 333 0. 176 
70 30 1 0 . 4 333 0. 155 
50 50 3. 56 333 0 . 0 9 2 0 
40 60 4 . 5 9 333 0. 0962 
30 70 5. 12 333 0. 105 
10 90 5 . 5 8 333 0. 0920 
64 
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T°K Ref. 
Nickel Alloys (Continued) 
Nicke l -Chromium-I ron 
7 3 . 1 9 N i , 14. 3 8 C r , 6. 99 Fe , 0. 03 C, 
0 .03 Cu, 0.47 Mn, 0. 39 Si, 
0. 007 S, 0, 83 Al, Inconel X 
(P(Z5) 





273 0. 134 59 







T in - Antim o ny 












10 vol % Sn, 90 Bi 
75 vol % Sn, 25 Bi 
25 Sn, 75 Bi 
50 Sn, 50 Bi 
75 Sn, 25 Bi 
P(25) 
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Tin Alloys (Continued) 
Tin-Silver 
% Sn % Ag e(25) 
100 0 89. 6 X 10"^ 333 0.632 
90 10 87.0 333 0. 602 
80 20 84. 0 333 0. 611 
70 30 82. 6 333 0. 611 
60 40 81.9 333 0.611 
50 50 80. 7 333 0, 577 
40 60 78. 1 333 0.489 
27. 5 72. 5 52.4 333 0. 393 
20 80 21.5 333 0. 197 
10 90 30.2 333 0.297 
0 100 588.2 333 4. 05 
Tin-Thalliurr 1 
% Sn % Tl P (25) 
100 0 8. 96 X 10-'* 336 0.632 
90 10 7. 18 336 0. 556 
80 20 6. 26 336 0.485 
70 ' 30 5.93 336 0.435 
60 40 5.48 336 0.418 
53. 8 46. 2 336 0. 385 
50 50 4. 77 336 0. 372 
46.6 53.4 4. 18 336 0. 330 
40 60 3.47 336 0.289 
30 70 3. 18 336 0. 259 
20 80 336 0.255 
10 90 3.92 336 0. 301 
0 100 5. 88 336 0.439 
64 
64 
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T°K Ref. 
Tin Alloys (Continued) 
Tin-Zinc 
92 Sn, 8 Zn, eutectic 
T in -Bismuth-Lead 
33. 3 Sn, 33. 3 Bi, 33. 3 Pb 






ZrBxz Room 0. 122 
Cobalt Alloys 
Cobalt--Chromium 
% Co % Cr ^ ( 2 7 ) 
100 0 6. 86 X 10-4 332 0.489 
90 10 1. 78 332 0. 142 
70 » 30 1. 26 332 0. 130 
60 40 1. 09 332 0. 105 
56 
64 
Cobal t -Chromium -Tungsten 
More than 55 Co, l e s s than 33 Cr, 
l e s s than 6 W, Stellite No. 6 
Room 0. 148 53 
Palladium Alloys 
Pal ladium - Gold 
90 Pd, 10 Au 
50 Pd, 50 Au 
10 Pd, 90 Au 
Palladium -Plat inum 
90 Pd, 10 Pt 
50 Pd, 50 Pt 
10 Pd, 90 P t 
298 0. 519 
298 0. 360 
298 0. 979 
298 0. 561 
298 0. 368 
298 0 . 4 3 1 
TABLE IV (Continued) 
Miscel laneous Thermal Conductivities 
137 
T°K Ref. 
Miscel laneous Alloys (Continued) 
Pal ladium Alloys (Continued) 
Palladium - Silver 
90 Pd, 10 Ag 
50 Pd, 50 Ag 
10 Pd, 90 Ag 
298 0.477 
298 0. 318 
298 1.41 
Plat inum Alloys 
Platinum -Gold 
90 Pt , 10 Au 
60 Pt , 40 Au 
Single phase al loys: 
Platinum -Iridium 
80 Pt , 20 Ir 
85 Pt , 15 Ir 
90 Pt , 10 Ir 
298 0. 761 
298 0.259 
% Pt % Au 
100 0 291 0.962 
96 4 291 0.460 
90 10 291 0. 351 
75 25 291 0. 238 
55 45 291 0. 209 
45 55 291 0. 209 
32 68 291 0. 230 
16 84 291 0.481 
8 92 291 0. 799 
0 100 291 3. 09 
290 0. 176 
290 0. 234 
290 0. 310 
Plat inum-Rhodium 
90 Pt , 10 Rh 290 0. 301 
Plat inum - Silve r 
30 Pt , 70 Ag 
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Miscel laneous Alloys (Continued) 
Sodium Alloys 
Sodium-Potass ium 
In ra t io of atomic weights 313 0.607 4 
In ra t io of atomic weights 263. 5 0. 293 
279.2 0. 230 
294. 8 0. 244 
316. 1 0. 259 
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Aluminum 37 Cadmium 44 
Cr 105; Cu 77, 105; Fe 98, Bi 116; Mg 93; Sb 79; Sn 117; 
109j Mg 77, 93, 132; Th 117; Zn 118; Al-Mg 133 
Mn 109; Sb 105; Si 77, UOj 
Sn 110; W 111; Zn 111; Cd- Chromium 46 
Mg 133; Cu-Fe 111; Cu-Mg Al 105; Co 136; Fe 99, 124; 
111; Cu-Mn 112; Cu-Ni 78, Ni 95, 133; Fe -Ni 97, 129; 
113; Cu-Si 113; Cu-Sn 113; Fe -Mo-Ni 97 
Cu-Zn 113; Fe-Mg 114; 
Mg-Si 95, 114; Mg-Zn 133; Cobalt 46 
Mn-Si 114; Mn-Ti 97; Ni- Cr 136; Fe 125; Cr -W 136 
Si 114; C u - F e - S i 115; Cu-
F e - Z n 115; Cu-Mg-Ni 114; Columbium 46 
Cu-Mn-Si 114; Cu-Ni-Si 115; F e - C r - N i 102 
Cu-Ni-Sn 115; Cu-Fe-Ni -S i 
115; C u - F e - S i - Z n 116; Cu- Copper 46 
Ni-Si -Zn 116; Fe-Mg-Ni -S i Al 77, 105; Ag 87, 120; As 
116 118; Au 79; Mg 93; Mn 81, 
118; Ni 82, 119; P 120; 
Antimony 39 Pd 87; Sn 121; Zn 88, 121; 
Bi 78; Cd 79; Pb 130; A l -Fe H I ; Al-Mg 111; Al-
Sn 134 Mn 112; Al-Ni 113; Al-Si 
113; Fe -Ni 123; Mg-Si 95; 
Beryl l ium 40 Mn-Ni 89, 123; Ni-Zn 89, 
124; Sn-Zn 124; A l - F e - S i 
Bismuth 41 115; A l - F e - Z n 115; Al -Mg-
Cd l i 6 ; Pb 130; Sb 78; Sn Ni 114; Al-Mn-Si 114; Al-
134j Pb-Sn 78, 131; C d - P b - Ni-Si 115; A l - F e - S i - Z n 116; 
Sn 79 Al -Ni-S i -Zn 116; F e - M n -
Zn 124; A l -Fe -Ni -S i 115 
Boron 
Zr 136 Gallium 50 
Germanium 51 
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Gold 52 




P t 137 
Iron 55 
Al 98, 109; C 98, Co 125? 
Cr 124; Mn 103, 126; Ni 
126; Si 128; W 128; Al-Cu 
111; Al-Mg 114:; C r -Ni 99, 
129; Cu-Ni 123; Al-Cu-Ni 
115; Al -Cu-Zn 115; Al -Cu-
Ni-Si 115; Al -Cu-S i -Zn 116; 
Al-Mg-Ni-Si 116 
Lead 57 
Ag 130; Bi 130; In 91; 
Sb 130; Sn 92, 131; Th 




Ag 132; Al 77, 93, 132; 
Cd 93; Ce 93; Cu 93; Mn 
94; Ni 132; Sb 132; Si 94; 
Sn 132; Zn 94; Al-Cd 133; 
Al-Cu 111; Al -Fe 114; Al-
Si 95, 114; Al-Zn 133; Cu-
Si 95; Al-Cu-Ni 114; Al-
Fe-Ni -S i 116 
Manganese 61 
Al 109; Cu 81; Fe 103, 
126; Mg 94; Ni 133; Al-
Cu 112; Al-Si 114; Al -T i 




C r - F e - N i 97 
Nickel 63 
Cr 95, 133; Cu 82, 119; 
Mg 132; Mn 133; Al-Cu 
113; C r - F e 99, 129; Cu-
Fe 123; Cu-Mn 123; Cu-
Ni-Zn 89, 124, Al -Cu-
Mg 114, 115; Al-Cu-Si 
115; Al-Cu-Sn 115; C r -
Fe-Mo 97; A l - C u - F e - S i 
115; Al -Cu-Si -Zn 116; 
A l -Fe -Mg-S i 116 
Palladium 64 
Ag 137; Au 136; Cu 87; 
Pt 136 
Plat inum 65 
Ag 137; Au 137; I r 137; 
Pd 136; Rh 137 
Potass ium 66 
Na 138 
Rhodium 66 
P t 137 
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Au 91; Cu 87, 120; Pb 130; 




Tel lur ium 69 
Thallium 70 
Cd 117; Pb 92, 131; Sn 135 
Tin 70 
Ag 135; Al 110; Bi 134; 
Cd 117; Cu 121; Mg 132; 
Pb 92, 131; Sb 134; Th 
135; Zn 136; Al-Cu 113; 
B i - P b 78, 136; Cu-Zn 





Fe 128; Cr -Co 136 
Uranium 73 
Zinc 74 
Al 111; Cd 118; Cu 88; 
121; Mg 94; Sn 136; Al-
Cu 113; Al-Mg 133; Cu-
Ni 89, 124; A l - C u - F e 115; 





THE THERMAL CONDUCTIVITY OF A YELLOW BRASS 
AND OF CADMIUM 
CHAPTER IV 
MEASUREMENT OF THE THERMAL CONDUCTIVITY OF CADMIUM 
AND OF A FREE CUTTING YELLOW BRASS 
I n t r o d u c t i o n . - - I t i s t h e p u r p o s e of t h i s c h a p t e r t o d e s c r i b e t h e t h e o r y , 
the equipment and p rocedures used and the r e su l t s obtained from the 
exper imenta l work on b r a s s and cadmium. The the rma l conductivity 
of a given specimen can be calculated if the t empera tu re gradient , 
heat input and dimensions of the specimen a r e known, a s descr ibed 
in the next sect ion. The exper iments were designed so that these 
quantit ies could be readi ly measu red , or else computed from readi ly 
m e a s u r e d quanti t ies: the length and a r e a from the physical dimensions 
of the specimen*, the t empera tu re difference from suitably a r r anged 
thermocouples ' , and the heat input from the voltage drop and cur ren t 
of an e lec t r ic hea te r . 
Briefly, the equipment consisted of a c ryos ta t which had 
been designed and constructed for another purpose in the Low 
Tempera tu re Labora tory of the Engineering Exper iment Station at 
the Georgia Institute of Technology for use in a low t empera tu re 
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r e s e a r c h p r o g r a m s p o n s o r e d by the Office of N a v a l R e s e a r c h , 
N a v y D e p a r t m e n t , u n d e r ONR c o n t r a c t n u m b e r N 6 - O R I - 1 9 2 -
N R - 0 1 6 - 4 0 6 , P r o j e c t 116. P r e l i m i n a r y c a l c u l a t i o n s i n d i c a t e d 
t ha t i t w a s not f e a s i b l e to u s e t h i s a p p a r a t u s wi th m a t e r i a l s of 
v e r y low o r v e r y h igh t h e r m a l conduc t i v i t y , so i t w a s d e c i d e d 
to use s p e c i m e n s of b r a s s and c a d m i u m for t h i s w o r k . B e f o r e 
m e a s u r i n g any t h e r m a l c o n d u c t i v i t i e s wi th the a p p a r a t u s , it w a s 
n e c e s s a r y to make; and c a l i b r a t e two t h e r m o c o u p l e s for m e a s u r i n g 
the t e m p e r a t u r e g r a d i e n t a c r o s s the s p e c i m e n and a c o p p e r 
r e s i s t a n c e t h e r m o m e t e r which w a s u s e d in con junc t ion wi th a 
s t a n d a r d p l a t i n u m r e s i s t a n c e t h e r m o m e t e r for c a l i b r a t i n g the 
t h e r m o c o u p l e s . The e x p e r i m e n t a l p r o c e d u r e w a s a r r a n g e d so 
t ha t a l l of t h e s e i n s t r u m e n t s could be c a l i b r a t e d in one run in 
which c o m m e r c i a l l y p u r e c o p p e r w a s u s e d a s a h e a t c o n d u c t o r . 
The r e s u l t s of the e x p e r i m e n t a r e d e s c r i b e d b r i e f l y in C h a p t e r I 
and in de t a i l in th i s c h a p t e r . 
T h e o r y of e x p e r i m e n t . - - T h e b a s i c p r e m i s e s of the e x p e r i m e n t 
can be e x p l a i n e d by r e f e r e n c e to F i g . 3 . H e a t i s s u p p l i e d to the 
s p e c i m e n , S, by an e l e c t r i c h e a t e r , E , a t t a c h e d to the h e a d , H . 
The h e a t p a s s e s t h r o u g h the s p e c i m e n and e n t e r s the c o p p e r b lock , 
B . A g r e a s e j o i n t , G, p r o v i d e s good t h e r m a l c o n t a c t b e t w e e n the 
c o p p e r c o n t a c t o r , C, to wh ich the s p e c i m e n i s s o l d e r e d , and the 
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Figure 3 
The Cryos ta t 
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c o p p e r b lock . The t e m p e r a t u r e of the c o p p e r b l o c k i s m e a s u r e d by 
a s t a n d a r d p l a t i n u m r e s i s t a n c e t h e r m o m e t e r , T. The t e m p e r a t u r e 
d i f f e r e n c e b e t w e e n the h e a d and the c o p p e r b l o c k , T T J - T - D , i s 
m e a s u r e d by a t h r e e - j u n c t i o n c o p p e r - c o n s t a n t a n t h e r m o c o u p l e , T c , 
R a d i a t i o n e f fec t s a r e m i n i m i z e d by the a d i a b a t i c s h i e l d , A, and a 
r a d i a t i o n s h i e l d , R. A r e f r i g e r a n t po t , P , a i d s in cool ing the a p p a r a t u s 
and a b s o r b s h e a t conduc t ed into i t by e l e c t r i c a l l e a d s , r e f r i g e r a n t 
t u b e s and s u p p o r t s . The e n t i r e a p p a r a t u s is e n c l o s e d in a v a c u u m 
c a s e , L . 
The i d e a l i z e d e x p e r i m e n t can be c o n s i d e r e d the s t e a d y 
s t a t e c a s e in wh ich the c o p p e r b lock is so l a r g e tha t i t s t e m p e r a t u r e 
d o e s no t change wi th t i m e . The t e m p e r a t u r e d i f f e rence T r j - T g i s 
t hen c o n s t a n t a t ec [u i l ib r ium. In a c t u a l p r a c t i c e it i s found t ha t the 
t e m p e r a t u r e of the c o p p e r b l o c k r i s e s s lowly b e c a u s e of i t s f ini te 
h e a t c a p a c i t y . It i s f u r t h e r found tha t T p j - T g r e a c h e s a c o n s t a n t 
v a l u e whi le bo th the t e m p e r a t u r e of the h e a d and the c o p p e r b lock 
r i s e s lowly wi th t i m e . A n o t h e r c o m p l i c a t i n g f e a t u r e a r i s e s f r o m 
the fac t tha t the t e : n ipe r a tu r e T-g m a y be chang ing s lowly due to 
h e a t flow a long the s u p p o r t i n g t u b e s . In p r a c t i c e t h i s effect w a s 
found to be n e g l i g i b l e , bu t a h e a t e r on the b lock would p e r m i t c l o s e 
t h e r m o s t a t i n g , if n e c e s s a r y . 
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Consider now a specimen such as that in Fig . 4. The 
quantity of heat which will flow through the specimen under equilibrium 
conditions depends on the nature of the specimen ma te r i a l , i ts length 
and c ros s - sec t i ona l a r ea , and the t empera tu re gradient . It has been 
found that the quantity of heat requi red to maintain a given t empe ra tu r e 
gradient is di rect ly propor t ional to the c ro s s - s ec t i ona l a r ea and inverse ly 
propor t ional to i ts length: 
_ kA A T (12) 
where k is the the rmal conductivity of the specimen. Equation (12) 
applies only when the t empera tu re gradient is constant with r e spec t 
to t ime, the c r o s s - s e c t i o n a l a r e a and length a r e constant, and the 
heat flow is undirect ional . The t h e r m a l conductivity va r i e s only 
slightly with t empera tu re and may be considered constant for smal l 
values of A T. The genera l equation of heat conduction, of which 
equation (12) is a special case , is derived in the Appendix. 
The exper iment descr ibed below was planned so that the 
n e c e s s a r y quanti t ies , A, Q, A T, and L, could be m e a s u r e d and an 
equation with the form of equation (12) util ized in determining the 
t h e r m a l conductivity of cadmium and a free-cut t ing yellow b r a s s 
over the t empera tu re range 78° to 273°K. 
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F igure 4 
The Copper Specimen 
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The cryosta t . - -The c ryos ta t is shown in F ig . 3. It cons is t s of a heavy 
copper block, B, whose main function was to rece ive the heat input to 
the specimen at substantial ly constant t empe ra tu r e , the specimen, S, 
re f r igeran t pot, P , radiat ion shields, A and R, with at tached appara tus . 
Refr igerant could be introduced into a cavity in the block through tubes 
with connections outside the cryos ta t . These tubes supported the block 
and the re f r igeran t pot, P , which in this work was used as an additional 
receptac le for re f r igeran t (liquid nitrogen) to aid in cooling the appa-
ra tus and for t empe ra tu r e control . Radiation shields , A and R, were 
provided to dec rea se the amount of radient heat t r ans fe r to the r e f r i g -
e ran t . Thermocouples were attached between the top of the adiabat ic 
shield, A, and the copper block, and between the top, middle and 
bottom of the lower p a r t of the shield and the copper block. The 
potent ial developed by these thermocouples was indicated by a suitable 
potent iometer . E l ec t r i ca l r e s i s t ance hea t e r s at tached to the shields 
were operated in s e r i e s with var iable r e s i s t ance s (to control the ra te 
of energy input) to maintain the t empe ra tu r e of the shield. A, within 
0. Ol^C of the block at al l timies. The vacuum case , L., was carefully 
soldered at the top to maintain a vacuum tight container . The 
n e c e s s a r y e lec t r i ca l l eads , re f r igeran t tubes and supports entered 
the appara tus through permanent ly sealed openings in the cover p la te . 
The ent i re appara tus was surrounded by a l a rge Dewar flask (not 
shown) which contained the liquid ni trogen or dry ice-a lcohol ba ths . 
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Vacuum was maintained inside the c ryos ta t by an oil diffusion 
vacuum pump. The suction of the pump was attached to the appara tus 
through a system of glass work which contained a McCleod gauge for 
measur ing the absolute p r e s s u r e of the system and a container for a 
heat exchange gas (helium) which could be admitted to the c ryos ta t 
when a m o r e rapid heat t r ans fe r between the re f r ige ran t bath and the 
c ryos ta t was des i rab le . The diffusion pump and the c ryos ta t were 
pro tec ted from m e r c u r y vapor by liquid ni trogen 'Jcold traps"^ 
located on ei ther side of the manomete r . T h e r m a l conductivity 
m e a s u r e m e n t s were made at a p r e s s u r e of 10"^ mm Hg or l e s s to 
el iminate or minimize heat l o s ses by conduction through the a tmosphere 
surrounding the specinnen. 
Sufficient e lec t r i ca l leads (B, & S. No. 34 single cotton 
enameled wires) were provided to m e a s u r e thermocouple potent ia ls , 
platinum and copper t he rmomete r r e s i s t a n c e s , and heater cu r r en t s 
and voltages, as will be descr ibed . All leads from the copper block 
were wrapped around the block and in good t he rma l contact with it. 
They went next to the re f r igeran t pot, P , with which they were a lso 
in good t he rma l contact. The re f r igeran t pot absorbed heat which 
was conducted inside the appara tus by e lec t r i ca l leads or suppor ts . 
The leads were c a r r i e d from the re f r igeran t pot to the appropr ia te 
ins t rument outside the c ryos ta t . 
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The spec imens . - - T h r e e specimens were used. One of commiercial 
copper was used in the cal ibrat ion of the copper t he rmomete r and 
the two thermocouples . It consisted of a rod turned to the dimiensions 
indicated in Fig . '^j note that pa r t of the specimen was turned to 
l / 8 - i n c h d iameter and pa r t to 0. 375 inch. A specimen of a free 
cutting yellow b r a s s , obtained from the commerc ia l stock of the 
J. M. Tull Metal and Supply Company of Atlanta, Georgia, consis ted 
of a 3 / l 6 - i nch d iamete r rod which was turned down from a 3 /8- inch 
rod. Per t inen t dimiensions and as sembly detai ls a r e shown in F ig . 5. 
The nominal composit ion of the b r a s s was 62. 0 pe r cent copper, 
35. 0 pe r cent zinc and 3. 0 per cent lead. A cadmiumi sample in the 
form) of a cas t st ick was obtained from A. D. Mackay, New York, 
New York, and stated to be 99. 95 per cent pu re . The casting was 
turned to the same dimensions as the b r a s s . 
The assemibly of the specimens is shown in F igs . 4 and 5 . 
The a s sembly of the cadmium and b r a s s specimens was identical 
but differ from that of the copper specimen. The specimens were 
soldered to their respec t ive heads and copper contac tors , in the 
case of b r a s s and cadmium, with Wood^s meta l to insure a strong 
joint with good t h e r m a l contact. The copper contactors were 
covered with a layer of Vaseline (white pe t ro leum jelly) and then 
placed in a hole in the copper block ( radia l c lea rance , 0. 001 inch). 
Heater 
1" 
I . t 
B r a s s : 
2.224" 
Cadmium: 







I i l 
I I l 
Copper contactor 







Head and Copper 
Contactor Details 
F igure 5 
B r a s s and Cadmium Specimen Assembly 
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The Vaseline was used to provide good t h e r m a l contact between the 
speciinen and the copper block when the cryos ta t was evacuated. 
The problem of t he rma l contact was one which requi red attention when-
ever two surfaces were in contact under vacuum. 
The design of the heads used on the specimens requ i red 
special attention. It was anticipated that the use of three junction 
copper-constantan thermocouples would give the t empe ra tu r e 
difference a c r o s s the specimen accura te to 0. 01°C. Now, if the 
head were l a rge , the amount of heat requi red to r a i s e i t s t empera tu re 
at the r a t e of, say 0. 005° C p e r minute, would be l a rge compared to 
the heat requ i red to maintain a t empera tu re gradient of 2. 0°C and the 
accuracy of the exper iment would be ser ious ly impai red . This would 
be especial ly impor tant if the specimen had a low the rma l conductivity, 
which is the reason it was considered not feasible to use such a specimen. 
Fo r this r ea son it was impera t ive to make the heads as light in weight 
as poss ib le . The head used in the cal ibrat ion exper iment had to 
c a r r y a hea te r , the copper t h e r m o m e t e r and two thermocouples , so 
a cer ta in minimum size was necessa ry j the weight of the head was 
reduced by dri l l ing a l a rge hole in it, as indicated in Fig. 4 . 
The d iameter of the b r a s s and cadmiium specimens was 
inc reased to 3 / l 6 - inch so that m o r e heat would be requi red to maintain 
the des i red t empe ra tu r e gradient and a snnaller fraction of the total 
158 
heat input would go into ra is ing the t empera tu re of the headj a 
g rea te r t empe ra tu r e gradient would have the same effect. A 
t empera tu re difference of 2. 0°C had been planned, but the differ-
ence actually used was c loser to 2. 5°C. Smaller heads were 
possible with these specimens since only one thermocouple and 
a heater were attached to each. Both a head and a copper contactor 
were needed for these spec imens . These identical p ieces were of 
copper and were attached with Wood^s meta l . A slot was machined 
in the copper contactors and heads to pe rmi t soldering a t h e r m o -
couple junction in such a way that the re would be no contact between 
the copper block and the thermocouple when the specimen was in 
place (see F ig . 5 ). 
The copper t he rmomete r and hea te r s were at tached to the 
heads after they were at tached to the spec imens . The t he rmomete r 
consis ted of about six feet of No. 40 gauge copper wire to each end 
of which was at tached a shor t length of No. 36 gauge copper wi re , 
which was somewhat stiffer and bet ter suited for making junct ions. 
Two leads were requi red at each end of the t he rmomete r , one to 
c a r r y the heating cur ren t and one connected to the Mueller T e m p e r a -
tu re Br idge . The No. 40 copper wire was taken from a spool labeled 
"Elec t . Res is t , se t -up and Blomeke ' s High Temp. Cal. WTZ«. The 
r e s i s t ance after a s sembly was approximately 8. 5 ohms . The 
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specimen hea te r s consis ted of about 3. 5 feet of No. 40 gauge constantan 
wire which was wrapped as closely as possible to the top of the head. 
The final r e s i s t ance of the h e a t e r s was 100 to 110 ohms . Again, two 
leads at each end of the h e a t e r s were neces sa ry , one to c a r r y the 
heating cu r ren t from a wet cel l ba t te ry and one for measur ing the 
voltage drop a c r o s s the hea te r . 
Essent ia l ly the same p rocedure was used for winding the 
hea t e r s and the copper t h e r m o m e t e r . One end was secure ly tied 
in place with ord inary No. 60 sewing thread. A coat of GE adhesive 
diluted to about half s t rength with GE thinner was applied to the head. 
The adhesive helped to hold the wire in place a s it was wound and p r o -
vided int imate t h e r m a l contact between the hea te r s or t h e r m o m e t e r 
and the head when the c ryos ta t was evacuated. The wire was held 
under very slight tension while it was being wound and was kept in 
close contact with previously wound wire so that as l i t t le dis tance 
as possible along the head would be needed, but no wires were 
allowed to c r o s s each other . The second end was tied down in the 
same manner as the f i rs t . Two m o r e coats of thinned GE adhesive 
and a coat of full s t rength adhesive were added to insu re good t h e r m a l 
contact. 
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The potential and cur ren t connections were made by cleaning 
about one half inch of insulat ion off the ends of the wi re s to be joined. 
The ends were then wrapped around each other and good e lec t r i ca l 
contact insured by a smal l drop of solder . The junction was then 
insulated with full s t rength GE adhesive and covered with scotch tape. 
The thermocouples . - -Two three- junct ion copper-cons tantan t h e r m o -
couples were made and calibrated? after these were cal ibra ted it 
was decided that two more would be needed for the b r a s s and 
cadmium exper iments . The second two were made from the same 
wire and the cal ibrat ion was taken to be the average of the f i r s t 
two. The copper wire was taken from a ro l l of No. 38 gauge wire 
labeled ^C\i wire for Tc. WHŴ *̂  and dated 7-6-54. The constantan 
wire was taken from a ro l l labeled ^'Resist. Thermom. I; Helium 
Cryosta t^ and dated 8-7-47. The thermocouples were made from 
th ree lengths of constantan wire and two lengths of copper wi re , 
each approximately tA^venty cen t ime te r s long, with two longer lengths 
of copper wire for making n e c e s s a r y e lec t r i ca l connections. About 
one half inch of insulation was cleaned from the end of each wire 
and then a copper and a constantan wire were wrapped together and 
soldered. The junction thus made was insulated with a drop of GE 
adhesive and covered with scotch tape. When all six junctions were 
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made the total r e s i s t ance was measu red and recorded . The ends of 
the thermocouple were then mounted in a receptac le made from thin 
copper p la te . A s t r ip of copper plate about 3 /8- inch wide by 3/8- inch 
long by 0. 010 inch thick was bent into a "U^ shape. A piece of scotch 
tape was attached to the inside of the "̂ U^̂ , a drop of GE adhesive 
added, a s t r ip of :mica and another drop of adhesive added, a l l on 
the inside of the ''̂ U"''. The individual junctions were then placed in 
the ^U®, with a drop of adhesive between each junction. A second 
piece of mica was placed on top of the junctions, a drop of adhesive 
added and the ends of the ^U** bent down to form a firm junction. 
The total r e s i s t a n c e of the thermocouple was again m e a s u r e d and 
compared with the previous r e s i s t ance to check the e lect r ica l 
insulation. The assembled junction was 0. 055 inch thick. 
Small br idges made from thin copper plate were soldered 
to the under side of the head of the copper specimen, as shown in 
Fig . 4. Similar br idges were soldered to the copper block. These 
br idges made a tight receptac le for the ends of the thermocouples . 
The junctions and br idges were covered with Vaseline to aid in 
secur ing good t h e r m a l contact. Slots were machined in the heads 
and copper contactors of the b r a s s and cadmium specimens and the 
copper sheathed thermocouple junctions were soldered in p lace . In 
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the cal ibrat ion exper iment , thermocouples were at tached to the head 
and the copper block; in the t he rma l conductivity m e a s u r e m e n t s , 
thermocouples were attached to the head and the copper block and 
to the copper contactor and the copper block. This la t te r a r r a n g e -
ment permi t ted a d i rec t m e a s u r e m e n t of the t empera tu re gradient 
a c r o s s the g rease film. 
The copper block. - -The copper block consis ted of a cylinder of 
commerc i a l copper 2 - l / l 6 - i n c h e s in d iameter by th ree inches long, 
and which weighed approximately 1100 g r a m s . The block had four 
holes , 0. 377 + 0. 0005 inch in d iameter by 2 -3 /4 - inches deep, 
dr i l led and r eamed in i t . F ig . 3 shows the copper block with a specimen 
in p lace . The copper block had severa l useful functions, the pr inc ipa l 
one of which was to rece ive heat at substantial ly constant t e m p e r a t u r e . 
It also supported the specimen and the s tandard platinum re s i s t ance 
t h e r m o m e t e r . 
E l ec t r i c a l c i r cu i t s . - - T h e e l ec t r i ca l c i rcu i t s for the hea t e r s a r e 
shown in F ig . 6. A wet cel l ba t te ry . A, was used a s a source of 
e l ec t r i ca l energy. A var iable r e s i s t ance , B, was used to control 
the energy input to the hea te r , A double pole-double throw switch, 
C, was used to se lect the des i red heater j this switch was not requi red 
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each heater led from a junction at each end of the hea ter through a 
double pole-double throw switch into a volt box which reduced the 
voltage to a vlue which could be safely measu red by the potent io-
m e t e r . The voltage drop a c r o s s a s tandard one ohm re s i s t ance in 
the main c i rcui t was m e a s u r e d di rect ly by the potent iometer . 
The potent iometer used was a White Double Potent iometer 
manufactured by the Leeds and Northrup Company and ass igned L.. 
and N. No. 713542. The one ohm re s i s t ance was L. and N. No. 
649470 and in 1947 was certif ied to have had a r e s i s t ance of 
1. 00000 internat ional ohms at 25°C when used as a four t e rmina l 
r e s i s t o r ; it therefore measu red the cu r ren t d i rect ly . The 150, 000 
ohm volt box (Ser., No. 688172) was also made by Leeds and Northrup, 
The thermocouples were connected di rec t ly to the White 
Potent iometer by appropr ia te leads from the cryostat j the potential 
developed was read di rec t ly . The r e s i s t ance t h e r m o m e t e r s were 
connected direct ly to the Mueller Tempera tu re Bridge (L. and N. 
No. 740545). 
The thermocouple cal ibrat ion exper iment . - -Th i s cal ibrat ion expe r i -
ment was designed to ca l ibra te two thermocouples , which were 
requi red for the subsequent exper iments , s imultaneously with the 
copper r e s i s t ance t h e r m o m e t e r . After placing the copper specimen 
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in place in the copper block, the two thermocouples were attached to 
the head of the copper specimen by means of the br idges on the head 
(see Fig . 4), and to the copper block by s imi la r br idges on it . The 
hea te r , the copper r e s i s t ance t h e r m o m e t e r , the two thermocouples 
and the s tandard platinum re s i s t ance t he rmomete r were connected 
to their respec t ive e l ec t r i ca l c i rcu i t s . The assembly of the cryos ta t 
was then completed and the appara tus evacuated to 10" mm Hg or 
l e s s , as indicated by the McCleod gauge. Before introducing the 
liquid ni t rogen into the Dewar flask, some p re l imina ry experinaenta-
tion was done so that some exper ience in operating the equipment 
could be obtained and the operating cha rac t e r i s t i c s of the appara tus 
lea rned . The operat ion of the ins t ruments requi red two people, one 
to opera te the shield controls to keep the t empera tu re of the adiabatic 
shield and the copper block the sanne, and one to m e a s u r e and r e c o r d 
the heater voltage and amperage , the thermocouple potent ia ls , and 
the r e s i s t ance of both t h e r m o m e t e r s . 
The method of cal ibrat ion was to bring the copper block and 
the specimen head to the same t e m p e r a t u r e , as indicated by a 
constant, near ze ro , reading of the thermocouple potential . When 
the constant reading was obtained the r e s i s t ance of the two t h e r -
m o m e t e r s was m e a s u r e d on the Mueller Tempera tu re Br idge . The 
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s tandard t he rmomete r , designated Th-2, had been previously ca l i -
bra ted (Project 116) against a t h e r m o m e t e r (L, and N. No. 1048215) 
which, in turn, had been cal ibra ted by the Bureau of Standards . 
When two or th ree readings had been obtained for each t h e r m o m e t e r 
the hea ter on the head was turned on with sufficient r e s i s t ance in the 
c i rcui t to give a t empe ra tu r e difference of 2° - 3" C a c r o s s the spec i -
men. This phase is called a ^ the rma l conductivity" exper iment . The 
thermocouple potentials were followed until the system was at equil ib-
r ium, i. e. , until the thermocouple potentials were constant with 
r e spec t to t ime . This requ i red fifteen to twenty minutes . The 
r e s i s t ance of both t h e r m o m e t e r s and both thermocouple potent ials was 
then m e a s u r e d as a function of t ime . After each m e a s u r e m e n t had 
been made at l eas t twice the head heater was turned off and the heater 
on the copper block turned on. The block and specimen were heated 
until they were at the temiperature of the head during the " t he rma l 
conductivity'"^ exper iment , this t empera tu re being indicated by the 
r e s i s t ance of the copper t h e r m o m e t e r . A short t ime was allowed 
for the system to come to t h e r m a l equil ibrium and the r e s i s t ance of 
the two t h e r m o m e t e r s was again measu red . The copper block and 
specimen were then heated to the t empe ra tu r e of the next s e r i e s of 
m e a s u r e m e n t s and the ent i re sequence repeated until the t e m p e r a t u r e 
range from 78° to 273°K was covered. 
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Since the r e s i s t ance of the s tandard t he rmomete r as a 
function of t empera tu re was known, the cal ibrat ion of the copper ther -
momete r was a.ccomplished when the t empera tu re corresponding to 
a measu red r e s i s t ance of the s tandard t he rmomete r was calculated. 
When the cal ibrat ion of the copper t he rmomete r was finished, the 
t empera tu re drop a c r o s s the specimen (with the head hea ter on) 
could be computed and the cal ibrat ion of the thermocouples completed. 
Cal ibrat ion calculat ions. - -The calculations involved were , f i r s t , the 
conversion of the iTieasured r e s i s t ances of the two t h e r m o m e t e r s to 
the same instant of t ime and the determinat ion of the t empe ra tu r e 
corresponding to the r e s i s t ance of the s tandard t he rmomete r during 
the equil ibrium measurennents before and after the " t h e r m a l conduc-
tivity^ m e a s u r e m e n t made at each cal ibrat ion point. Next, the 
t empera tu re difference between the copper block and the head was 
determined for this ^ t h e r m a l conductivity'* exper iment from the 
m e a s u r e d r e s i s t a n c e s of the two t h e r m o m e t e r s . The cal ibra t ion of 
the two thermocouples was then poss ib le . Sample calculat ions for 
a l l of the operat ions a r e included in the Appendix. 
The Mueller Tempera tu re Bridge used in these exper iments 
to m e a s u r e t he rmomete r r e s i s t ance s was designed to el iminate the 
r e s i s t ance of leads to and from the pa r t i cu la r r e s i s t ance whose value 
is des i red . The average of two r e s i s t a n c e s , one measu red in each 
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direct ion in which a ba t te ry potential can be impres sed , is r equ i red . 
The ins t rument was provided with a c i rcui t se lector switch with "N^̂  
and ^*R" posit ions for r eve r s ing the potential direct ion. In these 
exper iments readings were taken with the ins t rument on one posit ion 
at 15 to 20 second in te rva ls to pe rmi t determinat ion of the direct ion 
and ra te at which the r e s i s t ance was drifting and, once for each 
cal ibrat ion point, the galvanometer sensi t ivi ty. The c i rcui t se lec tor 
switch was then moved to the other posit ion and the p rocedure repeated . 
This p rocedure gave two sets of readings with a 60 to 100 second in terva l 
between them, but a m e a s u r e m e n t for each c i rcui t at the same instant 
was n e c e s s a r y for averaging the two r e s i s t a n c e s . This p r e s e n t s no 
grea t p roblem, however. Since the drift r a t e s a r e known, a re fe rence 
t ime can be chosen and the r e s i s t ance as measu red on one or both 
c i rcu i t s can be calculated for this t ime by a s imple l inear extrapolat ion. 
Cor rec t ions for ins t rument zero and dial sett ings were applied to the 
average r e s i s t ance to give the t rue r e s i s t ance at each point. 
The purpose of this p a r t of the exper iment was to ca l ibra te 
the copper t h e r m o m e t e r . This requ i red a knowledge of the r e s i s t ance 
of both t h e r m o m e t e r s at the same instant . Since only one t empe ra tu r e 
br idge was available it was n e c e s s a r y to m e a s u r e the r e s i s t ance of the 
two t h e r m o m e t e r s a l te rnate ly . The instantaneous r e s i s t a n c e s , calculated 
as descr ibed above, were finally plotted as a function of t ime . Straight 
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line plots were the usual resu l t and l inear interpolat ions or ext rapola-
tions could be used to find the r e s i s t ances of the two t h e r m o m e t e r s 
at the re fe rence t ime chosen. The two r e s i s t ances so obtained c o r r e -
spond to the same t e m p e r a t u r e . This t empera tu re can be found from 
the known t e m p e r a t u r e - r e s i s t a n c e re la t ion of the platinum t h e r m o m e t e r . 
The t e m p e r a t u r e - r e s i s t a n c e re la t ionship of the copper t h e r m o m e t e r 
was thus determined over the des i red t empera tu re range . 
The conversion of the platinum the rmomete r r e s i s t ance to 
t empe ra tu r e was done by the method of Werner and F r a z e r (85) for 
t e m p e r a t u r e s above 83°K and by the method of Los and Mor r i son 
(86) for t e m p e r a t u r e s below 83°K. The method of Werner and F r a z e r 
requ i red appropr ia te substitution in equation (13) and l inear in terpola-
tion in their tables to find the t empe ra tu r e corresponding to R^. In 
this equation R is the r e s i s t ance of the s tandard plat inum t h e r m o m e t e r 
W = a R + b (13) 
(Th-2), R^ is the ra t io of the r e s i s t ance at T°K to that at 273°K and 
a and b a r e constants . Calculation of the two t e m p e r a t u r e s below 83°K 
was done by Exper iment Station personnel . 
The cal ibrat ion of the thermocouples could be made once the 
t e m p e r a t u r e - r e s i s t a n c e re la t ionship of the copper t h e r m o m e t e r was 
es tabl ished. In this pa r t of the exper iment the head hea ter was on 
and a constant t empera tu re differential of about 2. 5°C was maintained 
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between the head cind the copper block. The thermocouple potent ial 
was constant, but the t empe ra tu r e of the head and the copper block 
was drifting slowly upward. It was consequently n e c e s s a r y to use the 
p rocedure outlined above to find the r e s i s t ance of the two t h e r m o m e t e r s 
at the same instant so an accura te t empera tu re difference could be 
determined. The thermocouple potential was read d i rec t ly from 
the White Poten t iometer , it being n e c e s s a r y only to m e a s u r e the 
sensi t ivi ty of the galvanometer so cor rec t ions could be made for 
non-zero read ings . The thermocouple potential was divided by the 
m e a s u r e d t empe ra tu r e difference to complete the ca l ibra t ions . The 
cal ibrat ion of the copper t he rmomete r and the two thermocouples 
is given in Tables 6 and 7 (Appendix) and F igs . 7 and 8, respect ive ly . 
Exper imenta l p rocedure for b r a s s and cadmium. - -The assemibly of 
the appara tus for these specimens was very s imi la r to that for the 
cal ibrat ion exper iment . The two specimens were placed in the copper 
block with two thermocouples on each specimen. The r e su l t s of the 
cal ibrat ion exper iment indicated that the t empera tu re drop a c r o s s the 
Vaseline film might be appreciable , so two new three- junct ion t h e r m o -
couples were made from the same spools of copper and constantan wire 
used to make the ca l ibra ted couples. One of the cal ibra ted couples was 
used on each specimien to m e a s u r e the t empera tu re difference between 
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m e a s u r e the t empera tu re difference between the copper contactor and the 
block. The new thermocouples were s imi la r to the cal ibra ted ones. 
A rough check on their cal ibrat ion was^made by i m m e r s i n g one end 
of both new couples and one end of a cal ibrated couple in an i ce -wa te r 
bath and the other ends in a water bath at room t e m p e r a t u r e . Both 
baths were in Dev/ar flasks to minimize tennperature fluctuations. 
The voltage developed by the new couples under these conditions agreed 
closely with that of the cal ibra ted couples, so the cal ibrat ion assumed for 
the new couples was the average of the cal ibrated couples. This was 
justified on the bas i s that the t empera tu re drop a c r o s s the vasel ine film 
was a re la t ively smal l percentage of the total t empe ra tu r e drop, so a 
la rge e r r o r in i ts measu remen t would cause only a smal l e r r o r in the 
final r e s u l t s . Other differences were that only the s tandard t he rmomete r 
(Th-2) was used and the use of the double throw switches to se lect the 
b r a s s or cadmium specimen. 
The exper imenta l p rocedure was a l te red only in that two se ts 
of m e a s u r e m e n t s were made at each t empera tu re and only one r e s i s t ance 
t h e r m o m e t e r was used. The exper iment ran much more smoothly than 
the cal ibrat ion run for two r ea sons : f i rs t , the t he rma l conductivity of 
the b r a s s and cadmium was only about one fourth that of copper and l e s s 
heat input was n e c e s s a r y to maintain the des i red t empera tu re difference, 
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and consequently conditions in general , and especial ly the t e m p e r a -
ture of the copper block, were more stable; second, the exper ience 
gained in the cal ibrat ion run made the exper imenta l runs ea s i e r . 
The rma l Conductivity Calculat ions. - - I t was n e c e s s a r y to calculate 
t e m p e r a t u r e s from the r e s i s t ance of the s tandard t he rmomete r , the 
energy input to the hea t e r s and the t empera tu re drop a c r o s s the 
specimen. The conversion of r e s i s t ance to t empera tu re is descr ibed 
above. The energy input is calculated from the voltage drop a c r o s s 
the hea te r and a c r o s s a one ohm standard r e s i s t a n c e . The voltage 
drop a c r o s s the one ohm standard r e s i s t ance is numer ica l ly equal 
to the amperage . The voltage drop a c r o s s the heater was measu red 
by the White potent iometer after being reduced to 0. 01 of i t s value 
in the volt box. The potential developed by the thermocouples i s a 
m e a s u r e of the t empe ra tu r e difference between the head and the 
copper block. Cor rec t ions due to heat flow in the heads and t e m p e r a -
tu re r i s e of the specimens and heads during the exper iment a r e 
neces sa ry . Radiation is neglected. With this information the t h e r m a l 
conductivity of the specimens can be calculated from equation (21). 
Sample calculations a r e given in the Appendix. 
The The rma l Conductivity of B r a s s . - -The t h e r m a l conductivity of 
b r a s s was found to vary a lmost l inear ly from 0.434 wa t t s / cm°C at 
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80°K to 1. 18 wa t t s / cm°C at 275°K with an es t imated maximum e r r o r 
of ten pe r cent. Cor rec t ions a r i s e from the method of attaching the 
thermocouples , the thermocouples not reading zero with no t e m p e r a -
tu re difference in the cal ibrat ion exper iment , heat flow pa t te rn in the 
head, t empera tu re r i s e of head and specimen during exper iment , 
radiat ion and conduction of heat from the head to the copper block by-
e lec t r i ca l leads and thermocouple w i r e s . E r r o r s due to these 
cor rec t ions vary from negligible for radiat ion to an es t imated five 
per cent for failure of the thermocouples to read ze ro . These 
co r rec t ions a r e d iscussed in detai l below where the accuracy of the 
exper iment is considered and in the sample calculat ions in the Appendix. 
The resu l t s for b r a s s compare very favorably with theory and 
values repor ted b3r other inves t iga tors . According to the theory d i s -
cussed in Chapter II, the t he rma l conductivity of an alloy should 
dec rease with tennperature and this is indeed the case . The slope is 
s teeper than Lees (26) r epo r t s for a 70 Cu - 30 Zn yellow b r a s s and 
slightly s teeper than Aoyama and Ito (32) repor t for a 64 Cu - 36 Zn 
b r a s s , although they r epo r t values for 78° and 273°K only. The 
p r e s e n c e in our sample of lead, about th ree per cent by weight, will 
not affect the conductivity grea t ly as it i s insoluble in the copper -z inc 
alloy. The final r e su l t s a r e shown in Fig . 9 and Table 2. 
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T A B L E 2 
T h e r m a l Conduc t iv i t y of B r a s s 
E x p l a n a t i o n . 
T m = T e m p e r a t u r e of c o p p e r b lock + 1/2 A T m , °K 
Q i =: H e a t supp l i ed by h e a t e r . w a t t s 
Qo = Qj c o r r e c t e d for l o s s t h r o u g h l e a d s , wa t t s 
A l ,̂ m ! = T e m p e r a t u r e d i f f e r e n c e , h e a d to c o p p e r blocks , '^C 
A l 'c = A T m - A T g - 0 . 02°C 
A l ̂ g = T e m p e r a t u r e dr( Dp a c r o s s 1 V a s e l i n e f i lm 
k = T h e r m a l conduc t iv i t y c a l c u l a t e d wi th A T m and Qo 
kt = T h e r m a l conduc t iv i t y c o r r e c t e d for r i s e in t e m p e r a -
t u r e d u r i n g m e a s u r e m e n t , w a t t s / C m " C 
Tm Qi Qo A T m Z^Tc k k' 
79. 88 0. 03287 0 . 0 3 2 8 5 2. 37 2. 35 0 . 4 4 2 0 . 4 3 4 
9 2 . 4 0 0. 03598 0 . 0 3 5 9 6 2 . 4 0 2. 38 0 . 4 7 7 0 . 4 7 0 
113 .36 0. 03972 0 .03970 2. 31 2. 29 0. 548 0. 542 
1 3 3 . 4 4 0. 04394 0. 04392 2. 38 2. 26 0. 615 0 . 6 1 0 
1 5 8 . 7 8 0. 04388 0 . 0 4 3 8 7 1. 97 1.95 0. 710 0. 708 
177 .60 0, 05321 0 . 0 5 3 2 0 2. 19 2. 17 0. 776 0. 774 
1 9 8 . 0 1 0. 05425 0 . 0 5 4 2 4 2. 02 2. 00 0. 856 0. 855 
217. 34 0. 06731 0 .06730 2. 28 2. 28 0 . 9 4 3 0. 940 
2 4 0 . 8 4 0. 06876 0 . 0 6 8 7 5 2. 09 2. 07 1. 05 1. 05 
2 5 6 . 6 4 0 . 0 7 9 3 5 0 . 0 7 9 3 4 2 . 2 9 2 . 2 7 1.11 1.11 
2 7 5 . 3 6 0 .07796 0 .07796 2 . 1 1 2 . 0 9 1.18 1.18 
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The the rma l conductivity of cadmium. - -The t h e r m a l conductivity of 
cadmium was found to be 0. 940 at S l ' K , 0. 914 at 114°K and 1. 05 
wa t t s / cm°C at 276° K with the same es t imated e r r o r and cor rec t ions 
d iscussed for b r a s s . The minimum at 114°K was somewhat unexpected 
as it had not been previously repor ted . Theory, repor ted r e su l t s of 
other workers and compar i son with other me ta l s indicate that the 
conductivity should dec rease as the t empera tu re i n c r e a s e s . L e e s ' 
(26) r e su l t s , plotted in Fig. 10, show a steady inc rease in conductivity 
with dec rease in t e m p e r a t u r e . His work is cor robora ted to a ce r ta in 
extent by other inves t igators (1). The r e su l t s obtained he re cannot 
be sat isfactor i ly e;xplained by poor thermocouple cal ibrat ion because 
the thermocouple po ten t i a l - t empera tu re curve has the expected cha rac te r 
i s t i cs and no anomalies appeared in the r e su l t s for b r a s s . Unpublished 
work of W. D. Bradbury, J r . , and M. H. Cooper ca r r i ed out at the 
Georgia Insti tute of Technology since these m e a s u r e m e n t s were made 
indicate that the cal ibrat ion of TCD-1 (used with cadmium) may be 8-10 
per cent low in the range 80 to 140°K, but the indicated cor rec t ion will 
not remove the minimum. A few meta l s of high puri ty exhibit a behav-
ior s imi la r to the cadmium used in these exper iments (88, Table I). 
Subsequent work by M. H. Cooper at the Georgia Insti tute of 
Technology indicates that the cal ibrat ion of TCD-2 (used for b ras s ) is 
more accura te than TCD-1 (used for cadmium) and that the r e su l t s for 
b r a s s a r e probably accura te to within 5 per cent, cadmium within 10 
per cent. 
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A slightly impure slightly s t ra ined meta l may have a minimum in i ts 
tempera ture-conduct iv i ty curve . 
F ina l r e su l t s for cadmium will be found in Fig. 10 and 
Table 3. 
The t he rma l conductivity of copper and vasel ine . - -The t he rma l 
conductivity of the copper specimen used in the cal ibrat ion run can 
be determined by measur ing the heat del ivered to the specimen while 
a t empera tu re gradient exis ts along the specimen. If the conductivity 
so determined agreed well with published values an excellent check 
on the cal ibrat ions and the method would be obtained. The r e su l t s , 
so calculated, however, did not ag ree well with published r e su l t s 
and it was then decided to m e a s u r e the t empera tu re drop a c r o s s the 
Vaseline film and co r r ec t the cal ibra t ions as n e c e s s a r y . The t e m p e r a -
tu re drop a c r o s s the Vaseline film was measu red in the exper iments on 
cadmium and b r a s s . The instal lat ion, cal ibrat ion and use of the thermo-
couples made for this purpose is descr ibed above. 
In the exper iments on b r a s s and cadmium, the ra te of heat 
t r ans fe r and the t empe ra tu r e drop a c r o s s the Vaseline film was 
measu red and the a r e a of the Vaseline film calculated from the length 
and d iamete r of the copper contac tors . The t he rma l conductivity of 
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TABLE 3 
Thermal Conductivity of Cadmium 
Explanation: 
See Table 2 
Tm Qo Qc A T m ATc k k» 
81. 51 0.07722 0.07720 2.62 2. 60 0.955 0. 940 
92. 83 0.07736 0.07734 2.66 2.64 0.941 0.926 
113. 92 0.07538 0.07536 2.63 2.61 0. 927 0. 914 
133. 64 0.06799 0.06797 2. 37 2. 35 0. 929 0. 918 
159.26 0. 07335 0.07334 2. 53 2. 51 0. 938 0. 930 
177. 79 0.06956 0.06955 2. 38 2. 36 0. 947 0. 941 
198.18 0.06512 0.06511 2. 17 2. 15 0. 973 0. 966 
217. 36 0.07093 0.07092 2. 32 2. 30 0.990 0. 985 
241.08 0.07440 0.07439 2. 35 2. 33 1. 03 1. 03 
256.73 0.07317 0.07316 2.26 2. 24 1. 05 1. 05 
275.62 0.08000 0.07999 2.44 2.42 1.06 1.05 
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Since the holes in the copper block and the copper contactors were 
both accura te ly machined it seemed reasonable to es t imate the film 
thickness as 0. 001 + 0. 0005 inch. The t h e r m a l conductivity of the 
Vaseline film, calculated on this ba s i s , is plotted in F ig . 11 and 
tabulated in Table 10 in the Appendix. It will be noted that the 
conductivity as measu red on the b r a s s specimen reaches a r a the r 
sharp maximum at about 117°K whereas the curve of conductivity 
as measu red with the cadmium specimen ve r sus t empera tu re is 
much m o r e regu la r . Examination of the data in Table 7 shows 
that the thermocouple potentials for the b r a s s specimen a r e smal les t , 
and therefore have the l a rges t l ikely e r r o r , in the t empe ra tu r e range 
where the deviation is g rea tes t . The possibi l i ty of e r r o r is about 
the same for both specimens above 176°K and the curves agree best in 
this region. The data obtained from the cadmiunn specimen was 
therefore chosen to c o r r e c t for the t empera tu re drop a c r o s s the 
Vaseline film on the copper specimen. Sample calculations for the 
conductivity of Vaseline and copper a r e included in the Appendix. 
The the rma l conductivity of the copper specimen, which was 
turned down from a single piece of commerc ia l ly available copper rod, 
was calculated after cor rec t ing for tempera ture drop a c r o s s the 
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the Appendix. The conductivity at all t e m p e r a t u r e s is too low and in 
fact r eaches a minimum at 134° K. This is probably due to failure to 
r each the rma l equilibrium in the sys tem. The supply of re f r igeran t 
was l imited and the exper iment was probably rushed too much. This 
does not invalidate the cal ibrat ion of the t h e r m o m e t e r and t h e r m o -
couples, however. The cal ibrat ion run was stopped t empora r i ly at 
about 236° K and la te r continued with a dry ice-a lcohol bath at about 
200° K. Two cal ibrat ion points were repeated and good agreement 
with previous r e su l t s obtained. 
Accuracy of the work. - - E r r o r s may be introduced from the following 
sources : 
(a) Reading of the ins t ruments ; 
(b) Heat t r ans fe r by radiat ion; 
(c) Heat How pat te rn in the heads^ 
(d) Manner of attaching thermocouples ; 
(e) Cor rec t ions to zero readings of thermocouples ; 
(f) Fa i lu re to attain equil ibrium in the cal ibrat ion exper iment ; 
(g) Tempera tu re r i s e of specimen and head during exper iment . 
It can be shown that the e r r o r due to reading the ins t ruments 
is l e s s than one per cent. This is not a la rge fraction of the total e r r o r . 
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Heat t r ans fe r by radiat ion from the specimen to the copper 
block is es t imated to be l e s s than one pe r cent at 273°K and d e c r e a s e s 
rapidly as the t empe ra tu r e is lowered. It is therefore considered 
insignificant. 
The flow of heat along the head induces a t empera tu re 
gradient . Due to the fact that the thermocouples were not at tached 
at the head-spec imen boundary, they will not read the t rue t e m p e r a -
tu re difference and a cor rec t ion is neces sa ry . This gradient is 
es t imated to be such that the thermocouples read about 0. 015° C 
high for the cal ibrat ion head and 0. 02° C high for the b r a s s and 
cadmium heads (see sample calculat ions) . The heat flow pa t te rn 
in the region of the head-spec imen interface is unknown and no 
cor rec t ion can be made for this effect. The resul t ing e r r o r i s 
probably l e s s than two pe r cent, however. 
The thermocouples were attached in the cal ibrat ion runs to 
the copper block and cal ibrat ion head by smal l copper br idges which 
were soldered to the copper block or head. The elast ic i ty of these 
br idges was expected to provide sufficient tension to maintain good 
t h e r m a l contact between the thermocouple and copper block or head. 
It i s felt that this is not the bes t method as the re may not be enough 
tension for good contact and the soldered joint may fail. The ends 
of the junctions were soldered direct ly to the b r a s s and cadmium heads . 
187 
This is a be t te r solution. However, the scheme of mounting the ends 
of the couple in an e lec t r ica l ly insulated copper sheath is open to the 
objection that it offers a r a the r high r e s i s t ance to the passage of heat 
and consequently the junction may be at a t empe ra tu r e somewhat 
lower than the body to which it is at tached. It would be pre fe rab le 
to mount each junction individually. The magnitude of these effects 
is unknown, but believed to be smal l . 
It was found exper imental ly that in the cal ibrat ion exper i -
ment the thermocouples did not read zero when the head and copper 
block were p resumably at the same t e m p e r a t u r e , but usually indicated 
that the head was at a slightly lower t empera tu re than the block. 
This led to a cor rec t ion to the thermocouple potential which was 
usually posit ive and ranged up to 10 pe r cent of the potent ial reading. 
The e r r o r introduced was smal l , however, as evidenced by the fact 
that the cor rec t ions at 19 7° K and 216° K were about 10 per cent of 
the thermocouple reading with a liquid ni trogen bath and a lmos t 
negligible when the cal ibrat ion was repeated with a dry ice-a lcohol 
bath; good agreement between the two readings was obtained at both 
t e m p e r a t u r e s . The maximum e r r o r from this source is probably not 
l a r g e r than 5 per cent. 
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Fa i lu re to attain equilibrium probably affected the cal ibrat ion 
exper iment . This was due p r i m a r i l y to the high t he rma l conductivity 
of the copper ^specimen" . The quantity of heat requ i red to maintain 
the des i red t empera tu re difference was so la rge that the temiperature 
of the copper block was increas ing r a the r rapidly, 0. 003° C to 0. 009° C 
pe r minute, especial ly at low t e m p e r a t u r e s where the heat capacity 
of copper is lowest and i ts t h e r m a l conductivity highest . Under 
these conditions the r e s i s t ance of the t h e r m o m e t e r s was changing 
so rapidly that it was difficult to m e a s u r e , and also difficult to 
m e a s u r e the drift r a t e . This difficulty was not encountered with b r a s s 
and cadnniumi due to their lower conductivity. It should be noted that 
this e r r o r does not invalidate the thermocouple ca l ibra t ions . The 
e r r o r from this source is probably only a few per cent. 
In the course of the exper iment it was found that when s teady-
state conditions were reached the t empera tu re of the copper block, 
specimen and head inc reased gradually with t ime, while the difference 
in the t e m p e r a t u r e of the head and the block remained vir tual ly 
constant. This observat ion led to the conclusion that heat was being 
s tored in the head and specimen and a cor rec t ion would be n e c e s s a r y . 
Reference to Tables 8 and 9 shows that this cor rec t ion is l e s s than 
two pe r cent of the value of the t h e r m a l conductivity and that it 
d e c r e a s e s as the t empe ra tu r e i n c r e a s e s . The method for calculating 
this cor rec t ion is explained in the Appendix. 
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It i s somewhat difficult to de termine a definite value for the 
e r r o r involved in these m e a s u r e m e n t s . It is felt that the maximum 
e r r o r inherent in the exper iment as per formed is about 10 per cent, 
and that the r e su l t s a r e sufficiently accura te for most engineering 
purposes . 
Conclusions and recommendat ions . - -The appara tus as descr ibed 
can be used successfully to m e a s u r e the t he rma l conductivity of 
meta l s and al loys, provided the conductivity of the specimens chosen 
is not too la rge or too smal l . The range of conductivity over which 
acceptable r e su l t s can be obtained is roughly between 0. 2 and 1. 5 
wa t t / cm "C, although actual measu remen t s a r e n e c e s s a r y to de te rmine 
the range exactly. The t empera tu re of the head and the copper block 
seem to inc rease sit the same ra te to maintain a constant t empe ra tu r e 
difference once equil ibrium has been attained. About 1 5 - 2 0 minutes 
a r e requ i red to reach equil ibr ium. 
The exper iment could be improved by attaching the t h e r m o -
couple junctions individually to the specimen itself at some point 
below the head and above the copper contactor . This would el iminate 
the unknown interface effects d iscussed above. The cal ibrat ion exper i -
ment could be improved by substituting a specimen of lower t h e r m a l 
conductivity, such as aluminum, magnesium or an alloy such as b r a s s 
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or bronze, for the copper used in this work. Measuremen t s between 





General equation for heat conduction. - -The quantity of heat which 
will flow through a solid body in a given t ime depends on the nature 
of the ma te r i a l , the t empe ra tu r e gradient and the nature of the 
specimen. Consider the e lemental cube of Fig. 13 through which 
a differential quantity of heat is flowing in the X direct ion only. The 
heat which flows in, dq^, may be equal to, g r e a t e r than or l e s s than 
the heat , dq2, which leaves the specimen. E i ther of the las t two 
cases is more genera l as a s torage or depletion of heat is ent i re ly 
poss ib le . It is readi ly shown that the total heat, dq, conducted in 
the e lement in a differential t ime and including the var ia t ion of 
t empera tu re gradient with respec t to both t ime and posit ion in the 
cube is 
1 ^ = k dA - | 4 ^ dx :. Cp e dx dy dz - | - I (14) 
dt ^ X d t 
Removing the r e s t r i c t i on of unidirect ional heat flow and assuming a 
homogeneous and isot ropic ma te r i a l , equation (14) becomes 
a T _ k 
9t ecp 
^ 2 T , a2T ^ a^T 
-I- — ; ; — -f- (15) 3x2 ^yz ^z2 ^ 
which is F o u r i e r s genera l equation for heat conduction. 
The exper imenta l work repor ted in this thes is was per formed 
under s teady-s ta te conditions with unidirect ional heat flow in a specimen 
of constant c r o s s section. Under these conditions dT/d t = O, 9 T / ^ x 
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dq] > dq2 
Figure 13 
Model for Heat Conduction 
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is constant and <} ^ T / ^ X ^ = O , q is constant and dA can be replaced 
by A. Since the t he rma l conductivity is substantially constant over 
a smal l t empera tu re range, dT/dx can be replaced by A T / L . and 
equation (14) beco:mes 
a . Q . J^^T ^ 
t L ^ ^ 
This equation co r rec t ed for the exper imenta l a r r angemen t is the 
bas i s for the exper iments repor ted here in . The cor rec t ions will 
now be d iscussed . 
Correc t ion due to t empera tu re r i s e during exper iment . - - I t was found 
in the course of the exper iment that the t empera tu re of the copper 
block and specimen head inc reased at a slow ra te under the expe r i -
mental conditions. This r equ i res the s torage in the specimen and 
i ts head of a cer ta in fraction of the total heat input and gives r i s e 
to a cor rec t ion to the t he rma l conductivity m e a s u r e m e n t s . Since 
dT/d t is not zero equation (14) applies and we have ^ 
f -•!& (-) 
where c?< = k/(f Cp. Equation (16) defines the change of t empera tu re 
with t ime, or the drift r a t e , of any point x in a rod. 
In this exper iment dT/d t is substantial ly constant, and 
(dq/dt)x = Qx = -kA (dT/dx) X at any c ro s s section x in a rod. Subst i-
tuting the drift r a t e , a, into equation ( l6) , integrating and solving for 
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the constant of integrat ion, there resu l t s 
Qx = -aACpPx -kA ( ̂ ^ + ^ 4 ^ (xi + X2) ( 17) 
X1-X2 / 2 
Note that at x = Xj, Q^ = Qxj and that A P (Xj -Vy.^ /z = ( A P/Z) 
( Zxj + X2 - Xj) , and A P (X2 - X|) = ( M) ^ _ x » ^̂ ® m a s s of the rod 
under considerat ion. Making these substitutions in equation (17) 
and solving for k we have 
k = Qx;^(x2-Xl) 
A ( T i - T 2 ) 
1 - - ^ ( C p ( M ) x 2 - x J (18) 
2 Q x , ' " 
If Qo is the heat supplied to the heater l e s s the smal l amount con-
ducted through e lec t r i ca l l eads , and if dT/d t is constant for head 
and specimen, 
Qxi = Qo-q (19) 
q = a C H M H + Cs( M) Q-XJ ( 20) 
where Cj^ s-nd Cg a re the specific heat of the head and specimen, 
respect ively , Mpj is the m a s s of the head and ( M) Q-X ^^ ^^ m a s s 
of the specimen above the point under considerat ion. (M)o-xi is zero 
in this exper iment . Substitution of equation ( 19) into (18) gives 
k = Qo(^2-^l) Fl - i / a + "̂ s (M)„ ^ U (21) 
A(T,-T,) [ Q„ U — '̂ 2-̂ lJj 
where the symbols a re summar ized as follows* 
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Qo = h e a t supp l i ed to h e a d ( c o r r e c t e d for l o s s or ga in 
a long l e a d s ) , w a t t s 
q = ( C H M H + C S ( M ) O_XI ) a 
a = d r i f t r a t e , "^C/rain 
X2-Xi = effect ive l eng th of s p e c i m e n , c m 
Tj - T2 = t e m p e r a t u r e d i f f e rence a c r o s s the leng th X1-X2, ''C 
A = c r o s s s e c t i o n a l a r e a of s p e c i m e n , cm^ 
M^ _x - rna-ss of s p e c i m e n , gm 
Mo_x - m a s s of s p e c i m e n above Xj ( =0 in th i s c a s e ) 
M-ii = mass of head, gm 
Cg, C|̂  = heat capacity of specimen and head, respectively, 
joules/gm-°C 
This completes the derivations which are too long or too 




The cal ibrat ion exper iment consis ted of taking three se ts 
of readings at each cal ibrat ion point. In the equilibrium per iod p r o -
ceeding and following each " t h e r m a l conductivity'^ measu remen t 
the two the rmomete r r e s i s t ance s and the potential of both t h e r m o -
couples were recorded as a function of t ime . In the ^ the rmal 
conductivity^ m e a s u r e m e n t made at each cal ibrat ion point the 
r e s i s t ance of both t h e r m o m e t e r s , the potential of both t h e r m o -
couples, and the amperage and voltage drop a c r o s s the hea ter 
were recorded as a function of t ime . Since there was a measu rab le 
change of mos t of these quantit ies with t ime it was n e c e s s a r y to 
know their value at some a r b i t r a r i l y chosen reference t ime . A 
s imi la r situation existed in the exper iments on b r a s s and cadmium. 
The methods for making these computations will be shown by example . 
Cal ibrat ion of the copper t h e r m o m e t e r . - - T h e s e calculat ions 
r equ i re th ree s teps : (1) calculation of each t h e r m o m e t e r r e s i s t ance 
from the r e s i s t ance of the two c i rcu i t s at an a r b i t r a r i l y chosen 
re fe rence t ime; (2) suitable extrapolat ion and/or interpolat ion to find 
the r e s i s t ance of the two t h e r m o m e t e r s at another a r b i t r a r i l y selected 
re fe rence t ime; and (3) conversion of the platinum t h e r m o m e t e r 
r e s i s t ance to t empera tu re at the la t te r re ference t ime . This t e m p e r a -
ture cor responds to the r e s i s t ance of the copper thermomieter at the 
same t ime . Typical raw data for one equil ibrium m e a s u r e m e n t in 
Table 4 and derived r e s i s t ance and t e m p e r a t u r e s for one set of 
m e a s u r e m e n t s in Table 5 will be used to i l lus t ra te in detai l the 
p rocedures followed. It will be assumed that all changes a r e l inear 
with r e spec t to t ime . 
The f i rs t reference t imes chosen a r e indicated in Table 4 
by an a s t e r i sk . Take for example the t ime 9: 50: 00. The ^*N" 
c i rcui t r e s i s t ance is 24. 2866 ohms, but the galvanometer is not 
reading zero so a cor rec t ion is n e c e s s a r y . The magnitude of the 
cor rec t ion depends on the sensi t ivi ty of the galvanometer , which 
was measu red at 9: 50: 30 when the r e s i s t ance in the c i rcui t was 
dec reased 0.001 ohms. The galvanometer reading at this t ime was 
18.50 cm. The reading 10 seconds ea r l i e r was 21.20 cm, but this 
reading must be co r rec t ed for drift r a t e . The drift r a te is (21. 20 -
21. 08) cm per 20 sec . or 0. 12 cm/20 sec . The galvanometer 
reading, with 24. 2866 ohms in the c i rcui t , at 9: 50: 30 would be 
21. 20 + (0. 12/20) X 10 = 21. 26 cm. The sensit ivi ty is now seen to 
be (21. 26 - 18. 50) = 2. 76 cm per 0. 001 ohm. The r e s i s t ance at the 
re fe rence t ime , 24. 2866 ohms, can now be co r rec ted for non-zero 
galvanometer reading. The r e s i s t ance is then 24.2866 + (21.40 -
21. 08)/(2. 76 X 10^) = 24. 28675 ohms. 
TABLE 4 
Raw Data for The rmomete r Res is tance 
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Gaiv. Zero 
Time Res is tance Reading Sens. Reading 
9:48 20 
40 
R 24,0657 21.05 
21. 18 
. 50 24.0647 19.45 1.80 21. 00 
: 5 0 00* 
!20 
N 24,. 2866 21.08 
21. 20 
!30 24„2856 18. 50 2. 76 21.40 
9: 51:40 N 5,. 0248 20. 10 
:52 :00 20. 25 
: 2 0 5.. 0258 23.60 3. 20 20.40 
: 53s 15* R 5,. 1155 20.50 
: 35 20. 51 
: 5 0 5. 1165 24.20 3.68 20.92 
9: 55:45 R 24.0697 20. 70 
: 5 6 : 0 5 * 22.40 1. 80 21. 10 
:57 :00 N 24.2809 20.95 
: 2 0 20.60 2. 76 21.40 
Notes: 
Res is tance in ohms. 
Galvanomieter reading in cen t ime te r s . 
Sensitivity in cen t imete r s per 0. 001 ohms. 
As t e r i sk indicates reference t ime at which r e s i s t ance of 
t he rmomete r is calculated. 
R is r e s i s t ance on ^tRit c i rcu i t of t e m p e r a t u r e br idge; N 
is r e s i s t ance on "N"' c i rcui t . 
TABLE 5 
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•^Th-2 ^^ r e s i s t ance of platinum thermomieter , Rcu» ^̂ ® copper 
the rm om ete r . 
Ri is the ra t io of the r e s i s t ance (Th-2) at T°C to that at 0°C. 
Drift ra te is the ra te of change of t empera tu re in mill ideg C/min. 
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In s imi la r fashion the r e s i s t ance of the ^^R" c i rcui t is found 
at 9: 50: 00. In this case the sensivity is 1, 80 cm pe r 0. 001 ohm and 
the drift ra te i s +0. 13 cm per 20 sec . The galvanometer reading 
mus t be extrapolated from 9:48: 20 to 9: 50: 00, or 100 sec. If a 
l inear re la t ionship is a s sumed the galvanometer reading is 21 . 05 + 
(0. 13/20) X 100 = 21. 70. The "R« c i rcui t r e s i s t ance is then 24. 0S57 
(21. 70 - 21 . 00 ) / ( l . 80 X 10^) = 24. 06531 ohms. 
The t rue r e s i s t ance is the a r i thmet ic average of the "N"*̂  
and '^R" r e s i s t ances plus cor rec t ions for ins t rument ze ro and dial 
se t t ings . These cor rec t ions should p roper ly be applied to the 
individual r e s i s t ance s but they a re quite smal l and no significant 
e r r o r is introduced by applying them to the average . The t rue 
r e s i s t ance in this case is then (24. 0531 + 24. 28675)/2 = 24. 17603 
plus the following co r rec t ions : 
24.17603 
+ 0. 00001 ( ins t rument zero correct ion) 
2 C). 00032 (cor rec t ions for dial settings) 
24. 17572 ohms 
AH individual t h e r m o m e t e r r e s i s t a n c e s were calculated in a simiilar 
manner . 
It is now n e c e s s a r y to find the r e s i s t ance of both t h e r m o m e -
t e r s , measu red in an equil ibrium per iod, at the same re fe rence t ime. 
Linear interpolat ion or extrapolat ion is again used. For example, 
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the r e s i s t ance of the platinum the rmomete r , Th-2 , is found at 
9: 58:40 (Table 5) to be 24. 17391. This is the r e s i s t ance of the 
platinum t h e r m o m e t e r which cor responds to a r e s i s t ance of 5. 06984 
ohms on the copper t he rmomete r , and when the t empe ra tu r e of the 
platinum the rmomete r is known one cal ibrat ion point for the copper 
t he rmomete r w^ill be establ ished. 
The conversion of plat inum the rmomete r r e s i s t a n c e s to 
t empera tu re was done by the method of Werner and F r a z e r (85) 
for t e m p e r a t u r e s above 83°K. Mr . R. G. Wooten made the convers ion 
for t e m p e r a t u r e s below 83°K using the inethod of Los and Mor r i son 
(86). Equation (22) and the tables of Werner and F r a z e r were used 
to convert r e s i s t ance to t empe ra tu r e (°C): 
R» =: R (0. 03299514) - 0.019633 (22) 
Where R =: the r e s i s t ance to be converted, W = R / R Q s-^d RQ = the 
r e s i s t ance at 0°C. For the r e s i s t ance jus t calculated, 
R ' = 24. 17391 (0.03299514) - 0.019633 = 0.777989 (23) 
F r o m the tables of Werner and F r a z e r , interpolating l inear ly , this 
R^ cor responds to a temiperature of -54. 227° C. Since this was an 
equilibriumi measu remen t , the r e s i s t ance of the copper t h e r m o m e t e r 
at -54. 227° C i s 5. 06984 ohms. This const i tutes one cal ibrat ion 
point for the copper t h e r m o m e t e r . The connplete cal ibrat ion will 
be found in Table 6. 
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TABLE 6 
Calibrat ion of Copper Thermomete r 
Symbols: 
R - Th-2 - the r e s i s t ance in ohms of the s tandard t h e r m o m e t e r 
R - Cu - the r e s i s t ance in ohms of the copper t h e r m o m e t e r 
T°K - the t empera tu re corresponding to the r e s i s t ances 
in degrees Kelvin 
D - drift ra te of copper block, (Temp, decreasing) 
R - Th-2 R - Cu D 
ohms ohms T°K Millideg C/min . 
5.94197 0.96385 78.217 0 . 6 
6.40220 1.05775 81.642 0 . 4 
7. 68449 1.32855 91.156 0. 7 
8.59046 1.52554 97. 928 1. 5 
10.55675 1.96469 112.741 4 . 0 
11.28328 2.12908 118.253 2 . 5 
13.16083 2.55677 132.586 9 . 3 
13.22670 2.57156 133.095 8. 1 
16.31836 3.27780 156.978 3. 3 
16.77902 3.38350 160.563 4 . 4 
18.77254 3. 83864 176.520 5 . 4 
19.30856 3. 96089 180.363 3. 5 
21.34946 4.42617 196.490 4. 7 
21.35140 4.42737 196.484 0. 5 
21.72736 4.51296 199.463 0 . 6 
21.77476 4.52334 199.839 3 . 4 
23.71101 4.96426 215.238 3. 3 
24.08879 5.05085 218.252 0. 0 
24.17391 5.06984 218.933 1. 7 
24.50900 5.14613 221.610 1. 3 
26.68670 5.64214 239.073 3 .0 
27.29022 5.77979 243. 931 1.4 
28.52879 6.06259 253.923 2 . 9 
28.61344 6.08161 254.607 3 .9 
30.93784 6.61491 273.447 _ 
31.35137 6.70937 276.810 0 . 4 
33.32011 7. 16127 292.866 -
34.42558 7.41738 301.951 0. 5 
34.62612 7.46325 303. 559 0. 2 
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C a l i b r a t i o n of t h r e e j unc t ion c o p p e r - c o n s t a n t a n t h e r m o c o u p l e s . - -
The nex t s t e p i s the c a l i b r a t i o n of the c o p p e r - c o n s t a n t a n t h e r m o c o u p l e s . 
A t e m p e r a t u r e , a t e m p e r a t u r e d i f f e r ence and the p o t e n t i a l d e v e l o p e d by 
the t h e r m o c o u p l e s a r e r e q u i r e d . The t e m p e r a t u r e u s e d w a s tha t of the 
c o p p e r b lock , m e a s u r e d by T h - 2 , p l u s o n e - h a l f t he t e m p e r a t u r e 
d i f f e r ence b e t w e e n the c o p p e r b l o c k and the h e a d . T h e t e m p e r a t u r e 
d i f f e r ence w a s found in the fol lowing m a n n e r . In t he c a l i b r a t i o n 
e x p e r i m e n t , t h r e e s e r i e s of m e a s u r e m e n t s w e r e t a k e n a t e a c h c a l i -
b r a t i o n po in t : the f i r s t a t e q u i l i b r i u m ; the s e c o n d wi th the h e a d h e a t e r 
on and a A T of 2° to 3°C m a i n t a i n e d ; and a n o t h e r a t e q u i l i b r i u m a t 
a p p r o x i m a t e l y 3°C h i g h e r t h a n the f i r s t . Now, the t e m p e r a t u r e of 
t he c o p p e r b lock v/^as m e a s u r e d wi th T h - 2 and the t e m p e r a t u r e of t h e 
head , wi th the h e a t e r on, can be c a l c u l a t e d by a s s u m i n g a l i n e a r 
v a r i a t i o n of the r e s i s t a n c e of the c o p p e r t h e r m o m e t e r wi th t e m i p e r a -
t u r e o v e r the s m a l l t e m p e r a t u r e r a n g e invo lved . T h i s a s s u m p t i o n 
w a s l a t e r v e r i f i e d by p lo t t ing r e s i s t a n c e v e r s u s t e m p e r a t u r e and 
ob ta in ing a s t r a i g h t l ine ( s e e F i g . 7). The p r o c e d u r e i s i l l u s t r a t e d 
in e q u a t i o n s (24), u s i n g da t a f r o m T a b l e 5. 
5 . 1 4 6 1 3 - 5 . 0 6 9 8 4 5 .15626 - 5 . 0 6 9 8 4 
- 5 1 . 5 5 0 + 5 4 . 2 2 7 T + 5 4 . 2 2 7 
(24 A) 
T = ^ ^ ' t / l o (0 ,08642) - 5 4 . 2 2 7 = - 5 1 . 1 9 5 ° C (24B) 
0 . 0 7 5 2 9 
w h e r e T = the t e m p e r a t u r e of the h e a d . T h e n i ^ T = - 5 1 . 1 9 4 + 
5 3 . 5 3 9 = 2. 345°C. 
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The therIT)ocouple potential was read di rect ly on the White 
Double Potent iometer . The mechanics of cor rec t ing the potent iometer 
reading for non-zero galvanometer readings and to a common t ime is 
in every respec t s imi la r to that used for the t he rmomete r r e s i s t a n c e s . 
Fo r this pa r t i cu la r point, the thermocouple potentials a r e 191. 1 
nnicrovolts for TCD-1 and 198. 3 for TCD-2. These potentials divided 
by the t empera tu re difference (2. 345° C in this case) completes the 
cal ibrat ion of the thermocouples . The complete cal ibrat ion will be 
found in Table 7 and Fig. 8. 
There is an e r r o r in the thermocouple cal ibrat ions which 
can be es t imated. It can be seen in Fig . 4 that the copper t h e r m o m e -
t e r was located between the hea te r and the thermocouples . There 
will be a t empera tu re gradient in the head due to conduction of the 
heat input to the hea te r . This gradient can be approximated by equation 
(12), where QQ = 0. 28 watts , k = 4. 0, L = 0. 5 inch, and A = {Ti'/4) 
(0. 75 in. )2. Then 
^ T . ^ ^ X — i ^ ^ ^ l — — : - 0 . 0 3 r C (25) 
4 .0 7r(0. 75)M2. 54) ^ ^ 
The copper t he rmomete r may therefore indicate a t empera tu re 
that is approximately 0. 031/2 = 0. 015°C higher than that at the 
thermocouple junction. This leads to an e r r o r of approximately 
0. 5 per cent at 80"K, becoming l e s s as the t empera tu re i n c r e a s e s . 
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TABLE 7 
Cal ibrat ion of Three-Junct ion Thermocouples 
Explanation: 
T B - Tempera tu re of copper block + l / 2 ATm 
A T ^ - Tempera tu re difference, head to copper block 
EMF - Thermocouple potential 
Equil . - Equil ibr ium measu remen t 
k m e a s . - ^Therma l conductivity" m e a s u r e m e n t 
Cor r - Correc t ion applied to thermiocouple EMF 
(EMF)c 
A T 
- Thermocouple sensit ivi ty 
EMF during (EMF)c 
Equil . k meas Equil . Cor r AT 
T B AT M i c r o - Watts Mic ro - Mic ro - Mic ro -















































- 4 . 5 
- 6 . 8 
-5 .0 
-5 .0 
























-0 .05 189.4 -0 .75 + 0.4 78. 30 
- 5 . 0 191.1 - 4 . 0 +4.5 83.98 
-8 .5 196.0 - 8 . 3 +8.4 89. 77 
-9 .8 200.4 - 6 . 5 +8.2 91 . 17 
0 253.6 0 0 100.63 
+ 1.2 257.7 +4.0 -2 .6 103.11 
+0.8 260.4 +1. 1 - 1 . 0 106.66 
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TABLE 7 (Continued) 
Cal ibrat ion of Three-Junc t ion Thermocouples 
EMF during 
C o r r 
(EMF)c 
Equil . k m e a s Equil . l^T 
T B A T Mic ro - Watts Mic ro - M i c r o - Mic ro -
°K "K volts < Cm'-^deg"! volts volts volts deg" 
TCD-2, Liquid nitrogen bath 
80.25 2.90 0 126.8 + 0.2 -0 . 1 43.69 
95.49 2.78 0 135. 7 0 0 48. 76 
115. 76 2.91 0 163. 1 -0 .5 + 0.2 56.08 
135.64 2, 88 -0 .2 186. 7 + 1.0 - 0 . 4 64. 64 
159.56 2. 72 - 0 . 5 190. 0 - 0 . 5 + 0. 5 70. 50 
181.65 2.50 - 1 . 5 187.9 - 1 . 5 + 1.5 75.64 
198.44 2.47 -2 .0 198.0 -0 .5 + 1.2 80. 74 
217. 37 2.34 -2 . 3 200.5 -2 .0 +2.2 86.62 
TCD-2, Dry i c e - alcohol bath 
198.61 2.42 -0 .05 194.2 -0 . 7 +0.4 80.28 
220.96 2. 33 - 2 . 5 198. 3 -1 .5 +2. 0 86. 00 
240.94 2.28 -4 .9 204. 3 - 4 . 3 +4. 6 91.74 
256.44 2.29 -6 . 0 208.8 -4 .0 +5. 0 93.44 
275.46 2. 52 0 255. 7 0 0 101.47 
291.74 2.47 + 1.2 260.2 + 3. 0 - 2 . 1 104.41 
303. 72 2 .43 +0.8 262.0 +0. 7 -0 . 8 107.40 
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No cor rec t ion for this effect was made in calculating the t h e r m o -
couple sensivity, but it i s , of course , included in the es t imated 
e r r o r of the m e a s u r e m e n t s . 
Thernnal conductivity of b r a s s and cadmium. - - T h e s e 
calculations a r e batsed on equation (21) with cor rec t ions as d iscussed 
below. The length of the specimens was measu red with an adjustable 
para l le l bar and the d i ame te r s with a in ic romete r . The exact 
dimensions a r e given in Fig . 5. The heat input to the spec imens , Q, 
was measu red on the White Double Potentiomieter as the voltage drop 
a c r o s s a 1. 0000 ohm standard r e s i s t ance , giving the amperage , I, 
d irect ly , and as 1/100 of the voltage drop, E, a c r o s s the hea te r , 
the reduction in voltage occurr ing in a volt box. Then 
Q = 100 E I (26) 
The calculation of Q is a s t raight forward substitution in equation 
(26). However, a fraction of the heat was conducted to the copper 
block along the hea ter and thermocouple l eads . The heat so lost 
was calculated from the length, s ize and the rma l conductivity of 
the leads and the AT between the head and the copper block. The 
cor rec t ions a r e recorded in Tables 2 and 3. 
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The t empera tu re drop a c r o s s the specimen was measu red 
by two thermocouples on each specimen, one at tached between the 
head and the copper block, the other between the copper contactor 
and the copper block. The difference between the two readings was 
expected to give the t empera tu re difference. An additional cor rec t ion 
is neces sa ry , however. This a r i s e s from the manner of attaching 
the thermocouples to the heads . In Fig. 5 it is seen that the t h e r m o -
couple r e c e s s extends about 3/8 inch above the bottom of the head. 
A t empe ra tu r e gradient may exist along the head due to heat con-
duction and cause the thermocouples to read a l a rge r A T than 
actually ex i s t s . This gradient may be es t imated by equation (12), 
with L. approximately 0. 375 inch and the a r ea of heat flow being 
( TT/4) (0. 375 X 2. 54)^ cm^. Fo r the values of Q used (0. 03 to 0. 08) 
this gives a cor rec t ion of about 0. 02° C, which was used for al l points . 
The t rue A T was then 
/^T = A T ^ - A T g - 0.02 (26) 
where A T^n is the t empera tu re difference between the head and the 
copper block and ATg is the t empera tu re drop a c r o s s the Vaseline 
film. The t he rma l conductivity was then calculated from equation 
(12). Fo r example, the data for b r a s s at 79. 88°K from Tables a r e : 
ATj^ = 2.429% ATg = 0 .059° , qco r r = 0.03285 watts and L / A is 
calculated to be 31. 627/cm. Then 
0.03285 
kb ra s s = 31.627 J-^^^_ QQ^C) . Q. 02 " ^-^^^ wa t t / cm°C (27) 
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There is a further cor rec t ion due to a slow r i s e in the 
t empera tu re of the head and specimen during the m e a s u r e m e n t s , 
as d iscussed on p 194. Equation (21) gives the magnitude of the 
cor rec t ion , which can be expressed as 
k̂  = k (1 - F) (28) 
in which k is the t he rma l conductivity from equation (27), k* is 
the c o r r e c t value for the t he rma l conductivity and (1 - F) is the 
quantity in b racke t s in equation (21). F can be evaluated as follows. 
The heads w^ere w^eighed and found to have a m a s s of about 16 g r a m s 
each. The calculaited weight of the specimens is 8. 0 g r a m s for 
b r a s s and 8. 7 graims for cadmium. Then 
F = _ ^ [l6 CH . M ^ ] (39) 
where Ms is 4, 0 for b r a s s , 4. 35 for cadmium, and 60 is the 
conversion factor between minutes and seconds. The quanti t ies 
used in the calculations and the r e su l t s obtained a r e in Tables 8 
and 9, which a r e self explanatory. 
Thermal conductivity of Vaseline. - -The t h e r m a l conductivity 
of Vaseline could be es t imated from the exper imenta l a r r angemen t 
of the b r a s s and cadmium spec imens , as explained in Chapter IV. 
The heat flow a c r o s s the film was the same as that through the 
specimen and the t empera tu re drop ATg was measu red by a th ree 
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junction copper-constantan thermocouple . It seems reasonable to 
es t imate the thickness of the film as 0. 001 inch as this is the rad ia l 
c learance between the copper contactors and the hole in the copper 
block. The a rea A was es t imated as 
A - (rr/4) (d2) + TTdh (30) 
where d is the d iameter of the copper contactor (3/8 inch) and 
h i ts length (1 inch). The a r ea is then 8. 3 cm2. The t h e r m a l 
conductivity of the Vaseline calculated by equation (12) is found 
in Table 10 and Fig . 11. 
The rma l conductivity of copper. - -The t h e r m a l conduc-
tivity of copper was computed from the AT and QQ measu red in 
the cal ibrat ion of the thermocouples and the length and a r e a of 
the specimen. The AT was cor rec ted for drop a c r o s s the Vaseline 
film by assumiing a 0. 001 inch thick film and an a rea of (77/4) (0. 375)^ 
+ 0. 375 (1 . 875) = 2. 31 in^ = 14. 9 cm2. The m e a s u r e d AT was about 
0. 015° C too high, as d iscussed above. Therefore , 
ATc = ATm - ^Tg - 0. 015 (31) 
where A T Q is the co r r ec t AT, ATj-^ is the measu red AT and ATg 
is the AT calculated for the Vaseline filnn. The cor rec t ion due to 
drift r a te d iscussed above was applied. The r e su l t s a r e in Table 11 
and Fig . 12. 
The fact that a minimum in the conductivity of both copper 
and cadmium appears in this work may indicate that a s imi l a r 
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minimum will be found in specimens of high conductivity. If this 
is t rue , however, it is surpr i s ing that no minimum appeared in 
the conductivity of b r a s s , as i ts conductivity is the same o rde r 
of magnitude over mos t of the range studied. 
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TABLE 8 
Drift Rate Correc t ion for B r a s s 
' 1 • ' = = = 
Explanation: 
T B = Temper a ture of copper bloc k + 1/2 ATjn 
^ T ^ = Temper a ture difference, he ad to copper block 
C H = Specific heat of copper head , joules 
cs := Specific heat of specimen, j oules , (based on 
a 
F 
composit ion of 62 
:= Drift r a t e , **C/min. 
= See equation (29) 
Cu, 35 Zn, 3 Pb) 
k ( l - F ) = k' (See 
I 
Table 2) w a t t s / c m - °C 
T B C H C s lO^a 102F k ( l - F ) 
79.88 0.208 0.220 8 . 3 1.77 0.434 
92.40 0.234 0.247 6 . 6 1.45 0,470 
113.36 0.278 0.284 4 . 5 1.10 0.542 
133.44 0.304 0.314 3 . 8 0.88 0.610 
158.78 0.330 0.345 1.1 0.28 0.708 
177.60 0.346 0.364 1.4 0.31 0.774 
198.01 0.358 0.381 1.4 0.31 0.855 
217.34 0.365 0.395 1.7 0.31 0.940 
240.84 0.373 0.412 0 . 5 0.09 1.05 
256.64 0.377 0.420 0 . 7 0.11 1.11 
275.36 0.381 0.432 1.5 0.25 1. 18 
214 
TABLE 9 
Drift Rate Correc t ion for Cadmium 
Explanation: 
See Table 8 
See Table 8 for values of Cpj ' 












81. 51 0. 184 17 1.52 
92. 83 0. 193 16 1. 58 
113.92 0.204 12 1.42 
133.64 0. 210 8 1. 13 
159.26 0.217 6 0.80 
177. 79 0. 219 4 0.62 
198. 18 0. 221 4 0.68 
217, 36 0. 223 3 0.48 
241.08 0. 226 14 0. 22 
256.73 0. 228 9 0. 14 





The rma l Conductivity of Vaseline 
Explanation: 
TB = Tempera tu re of copper block, °K 
Qo = Heat input minus heat flow along leads , watts 
ATg = Tempera tu re drop a c r o s s Vaseline film, °C 
k = Thermal conductivity of Vaseline, watts/cm-"^ C 
T B Qo AT^ lO^k 
k as measu red on b r a s s specimen 
78. 7 0.03285 0.059 1.82 
91.2 0,03596 0.034 3,46 
112. 2 0.03970 0.019 6. 82 
132, 3 0.04392 0.033 4. 35 
157.8 0.04387 0.040 3. 58 
176.5 0.05320 0.064 2. 72 
197.0 0. 05424 0. 069 2.57 
216. 2 0.06730 0.090 2.44 
239. 8 0.06785 0.076 2.96 
255. 5 0.07934 0.084 3. 09 
274. 3 0.07795 0.079 3. 22 
k as m e a s u r e d on cadmium specimen 
79. 2 0.07720 0.181 1. 39 
91. 5 0,07734 0.168 1.50 
112.6 0.07536 0.135 1. 82 
132.5 0.06797 0.116 1.91 
158.0 0.07334 0.117 2. 05 
176.6 0.06955 0.107 2. 12 
197. 1 0.06511 0.092 2. 31 
216.2 0.07092 0.080 2.89 
239. 9 0.07439 0.074 3. 28 
255.6 0.07316 0.072 3. 32 
274,4 0.07999 0.069 3. 78 
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T A B L E 11 
T h e r m a l Conduc t iv i ty of Coppe r 




A T , 
= T e m p e r a t u r e of c o p p e r b lock + l / Z ^ T j - ^ , **K 
j-^ - T e m p e r a t u r e d i f f e r e n c e , head to c o p p e r b lock , "K 
= Hea t input , w a t t s 
= T e m p e r a t u r e d i f f e r e n c e , h e a d to c o p p e r b lock , **C 
ATCT = C o m p u t e d t e m p e r a t u r e d r o p a c r o s s V a s e l i n e f i lm, 
A T c = ATo - ATg - 0 . 0 1 5 , *»C 
k =• T h e r m a l conduc t iv i ty c a l c u l a t e d f r o m Q Q and / ^ T Q , 
w a t t s / c m - °C 
k* = k c o r r e c t e d for dr i f t r a t e 
TB Q o A T , ATc A T , 








2 1 7 . 3 0 0 . 2 3 1 1 
D r y i c e - a l c o h o l b a t h 
198 .53 
2 2 0 . 9 0 
2 4 0 . 8 8 
2 5 7 . 3 8 





0 . 2 5 5 4 
k« 
2.900 0.382 2.503 4.44 4.23 
2.783 0.311 2.457 4.06 3.85 
2.912 0.258 2.639 3.78 3.58 
2.882 0.222 2.645 3.37 3.11 
2.715 0.208 2.492 3.58 3.46 
2.504 0. 187 2.302 3.59 3.47 
2.467 0. 171 2.281 3.62 3.50 
2.340 0. 136 2.189 3.74 3.60 
2.424 0. 169 2.240 3.64 3.53 
2.329 0.133 2. 182 3.73 3.60 
2.277 0,119 2. 143 3.79 3.66 
2.288 0. 117 2. 156 3.76 3.63 
2.520 0.115 2.390 3.79 3.65 
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TABLE 12 
Drift Rate Correc t ion for Copper 
Explanation: 
See Table 8 
See Table 8 for values of Cj^, which is also Cg 
_ _ _ _ _ _ k{l - F ) 
80. 06 97o 4. 78 4.23 
95.34 6.0 5.16 3.85 
115.62 5.2 5.32 3.58 
135.53 7.9 7.58 3.11 
159.46 3.3 3.46 3.46 
181.56 2.7 3.22 3.47 
198.35 2.6 3.20 3.50 
217.30 3.0 3.79 3.60 
198.53 2.4 2.99 3.53 
220.90 3.1 3.97 3.60 
240.88 2.7 3.52 3.66 
257.38 2.7 3.56 3.63 
275.40 3.2 3.82 3.65 
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